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SUMMARY 

An i n v e s t i g a t i o n  has been  conducted  in  t he  Langley  spin  tunnel   on a 
l / l l - s o a l e  model o f  a research a i r p l a n e  which r e p r e s e n t s  a t y p i c a l  low-wing, 
s ingle-engine,  l i g h t  g e n e r a l   a v i a t i o n   a i r p l a n e .  The i n v e s t i g a t i o n  was made t o  
determine  the effects o f  t a i l  des ign  on spin  and  recovery characteristics and 
t o   e v a l u a t e  a t a i l  d e s i g n   c r i t e r i o n   f o r   s a t i s f a c t o r y   s p i n   r e c o v e r y   f o r  l i g h t  
a i r p l a n e s .  The effects of o the r   geomet r i c   des ign   f ea tu re s  on the  sp in   and  
recovery characteristics were a l so   de t e rmined  as were the  effects o f   v a r i o u s  
types  of   sp in- recovery   cont ro l   p rocedures .  

The r e s u l t s   i n d i c a t e d  t h a t  t a i l  conf igura t ion   can   apprec iab ly   in f luence  the 
s p i n  a n d   r e c o v e r y   c h a r a c t e r i s t i c s   o f  the  model tested,  as  would be expec ted ,   bu t  
t h e y   a l s o   i n d i c a t e d  t h a t  many g e o m e t r i c   f e a t u r e s   o t h e r   t h a n  t a i l  conf igu ra t ion  
a l so   markedly  affected the s p i n  and  recovery characterist ics.  M o d i f i c a t i o n s   t o  
the   fuse lage   such  as rounding the fuselage  bot tom or a d d i n g   v e n t r a l   f i n s  a t  t h e  
t a i l  were found to  be e f f e c t i v e   i n   e l i m i n a t i n g  a f l a t - s p i n   c o n d i t i o n .  Also, f o r  
t he   conf igu ra t ion  tested,  a v e r y   s e n s i t i v e   a i r f l o w  phenomenon e x i s t e d  a t  t he  
t r a i l i n g   e d g e   o f  t h e  wing a t  i t s  junc tu re  wi th  t h e   f u s e l a g e  w i t h  t h e   r e s u l t  t h a t  
wing f i l l e t s ,  co rne r   mod i f i ca t ions ,  and v e n t r a l   f i n s   l o c a t e d   i n  that  area 
r e s u l t e d   i n  dramatic changes   i n  the s p i n   f o r  some t a i l  conf igu ra t ions .  

The results a l s o  showed that  the a i l e r o n   s e t t i n g   d u r i n g  the  s p i n  had a 
marked e f f e c t  on s p i n  characteristics such t h a t  a i l e r o n   d e f l e c t i o n   i n  t h e  
adverse   d i rec t ion   could   have  a s t rong   adve r se  effect  on recovery.  The s imul ta -  
neous   u se   o f   e l eva to r   r eve r sa l   ( f rom up t o  down) w i t h  rudde r   r eve r sa l  d i d  n o t  
n e c e s s a r i l y  a i d  the  sp in   recovery   and   in  some cases retarded recovery.  Also, 
d e f l e c t i n g  the  e l eva to r   a lone   fo r   sp in   r ecove ry  was u n s u i t a b l e ,   s i n c e  it was 
incapable   o f   t e rmina t ing   the   deve loped   sp in .   Inves t iga t ion   of  t h e  effects  o f  
t a i l  conf igu ra t ions  on the  spin-recovery characterist ics showed t h a t  t h e  T-tail  
and t h e  t a i l  c o n f i g u r a t i o n s  t h a t  had the  h o r i z o n t a l  t a i l  mounted halfway  up  on 
t h e  v e r t i c a l  t a i l  produced the best s p i n   r e c o v e r i e s .  

The e x i s t i n g  t a i l  d e s i g n   c r i t e r i o n   f o r  l i g h t  a i r p l a n e s ,  which is  based on 
t a i l  damping  power f a c t o r  (TDPF) as  t h e  c r i t e r i o n   p a r a m e t e r ,  d i d  n o t   c o r r e c t l y  
p r e d i c t  the  spin-recovery characterist ics o f  t h e  model. The r e a s o n s   f o r  the  
lack o f   c o r r e l a t i o n  are c o n t a i n e d   i n  t h e  a f o r e m e n t i o n e d   s t r o n g . e f f e c t s   o f  ai le- 
ron   de f l ec t ion   and   geomet r i c   f ea tu re s   o the r   t han  t a i l  des ign  on spin  and  recov-  
e r y  characteristics, whereas t h e  c r i t e r i o n   c o n s i d e r s   o n l y  the  a i l e r o n - n e u t r a l  
cond i t ion  and the  geometr ic  characteristics o f   t h e  t a i l .  These effects  are so 
fundamenta l   tha t  the  e x i s t i n g  t a i l  des ign   c r i t e r ion   obv ious ly   canno t  be u s e d   t o  
p red ic t   r ecove ry  characteristics. 

INTRODUCTION 

S ta l l / sp in   acc iden t s   have   a lways   been  a se r ious   s a fe ty   p rob lem  wi th in  t h e  
g e n e r a l   a v i a t i o n  community. S t a l l i ng   and   sp inn ing   have   been   i den t i f i ed  as t h e  



largest c a u s a l   f a c t o r s   i n  fa ta l  g e n e r a l   a v i a t i o n   a c c i d e n t s   s i n c e  World War 11; 
and, a t  the p resen t  time, over   28   p .e rcent   o f   the   to ta l  number o f   g e n e r a l   a v i a -  
t i o n  fatal  a c c i d e n t s  are related t o   s t a l l / s p i n  (refs. 1 and 2) .  The spin  prob-  
lem pe r s i s t s   ma in ly   because   o f   sho r t comings   wh ich   con t inue   t o   ex i s t   i n  t he  areas 
o f   p i l o t   t r a i n i n g  and   des ign   gu ide l ines   fo r   a i rp l ane   des igne r s .  With regard t o  
a i r p l a n e   d e s i g n ,  i t  is an   un fo r tuna te  fact  t h a t  s p i n  research f o r  l i g h t  g e n e r a l  
a v i a t i o n   a i r p l a n e s  has been  extremely limited and   gene ra l ly   neg lec t ed   fo r  t he  
p a s t  30 years .   Prev ious   in format ion   publ i shed  on the  sp inning  characterist ics 
o f   l i g h t   a i r p l a n e s  based on sp in- tunnel  tests a t  the  Langley  Research  Center is 
p r e s e n t e d   i n   r e f e r e n c e s  3 t o  18. 

The r e s u l t s   o f  the  p a s t  research s t u d i e s   a n d  the  f l ight- tes t  exper iences  
o f  t h e  g e n e r a l   a v i a t i o n   m a n u f a c t u r e r s   i n  t h i s  c o u n t r y   i n d i c a t e   t h a t  t h e  s p i n  
characterist ics o f   l i g h t   a i r p l a n e s  are extremely  dependent on many configura-  
t i o n   f e a t u r e s ,   t o  the  e x t e n t  that  few g e n e r a l i z a t i o n s   c a n  be made f o r   d e s i g n  
purposes .   Factors  which in f luence  t h e  s p i n   c h a r a c t e r i s t i c s   o f  l i g h t  a i r p l a n e s  
are quite  numerous,   and a list of   only a few o f   t h e s e   f a c t o r s  would inc lude  
(ref.  17) :  mass d i s t r i b u t i o n ,   r e l a t i v e   d e n s i t y ,  wing pos i t ion ,   cen ter -of -  
g r a v i t y   p o s i t i o n ,  and t a i l  configurat ion.   Because  of  t h e  large number o f   v a r i -  
ables involved  and t h e  lack   of  research i n  t h i s  area, i t  is e x t r e m e l y   d i f f i c u l t ,  
and   perhaps   imposs ib le ,   to   p red ic t  the  s p i n  characterist ics o f   l i g h t   a i r p l a n e s  
p r i o r   t o  f l i g h t  tests. 

One o f   t h e  few e x i s t i n g   d e s i g n   g u i d e l i n e s   f o r   s p i n  characteristics was 
developed   for   gu idance   in  t h e  des ign   of   a i rp lane  t a i l  conf igu ra t ions .  These 
g u i d e l i n e s  (refs. 18 and  19)  involve a t a i l  design  parameter ,  referred t o  as t h e  
t a i l  damping  power f a c t o r  (TDPF), and are based on spin- tunnel  tests conducted 
more than  30 years   ago  on mode l s   o f   mi l i t a ry   a i rp l ane   des igns  which had va lues  
o f   ce r t a in   impor t an t   f ac to r s ,   such  as mass d i s t r i b u t i o n ,  similar t o   t h o s e   v a l u e s  
exh ib i t ed  by g e n e r a l   a v i a t i o n   a i r p l a n e s  of t h a t  era. Although the r e s u l t s   o f  
r e f e r e n c e s  18 and  19 were in t ended   t o   s e rve   on ly  as c o n s e r v a t i v e   g u i d e l i n e s   f o r  
providing a s a t i s f a c t o r y  t a i l  des ign   fo r   sp inn ing ,  t he  r e f e r e n c e s  do n o t   c l e a r l y  
s ta te  tha t  the  r e s u l t s   s h o u l d  be used as g u i d e l i n e s  rather than c r i te r ia .  Over 
t h e   p a s t  30 y e a r s ,  t h e  data have  been  f requent ly   misinterpreted,   misused,   and 
e x t r a p o l a t e d   t o   c o n d i t i o n s   f o r  which  they were no t   i n t ended .  For example, t he  
g u i d e l i n e s   h a v e   b e e n   u s e d   i n   a t t e m p t s   t o   p r e d i c t   q u a n t i t a t i v e l y   t h e   s p i n   c h a r a c -  
terist ics o f   t h e   t o t a l   a i r p l a n e   c o n f i g u r a t i o n .   B e c a u s e   c o n f i g u r a t i o n   f e a t u r e s  
o ther   than  t h e  t a i l  can  have  an  overpowering  influence,  many "erroneous"  predic- 
t i o n s   o f   s p i n  characteristics by t h e  t a i l  design  guidel ines   have  been  reported.  

In   r ecogn i t ion   o f  t h e  need t o  document t h e   p r o p e r   a p p l i c a t i o n  and  useful-  
nes s   o f  t he  t a i l  des ign  c r i t e r i a  and to   deve lop  more use fu l   des ign   gu ide l ines  
f o r   p r e d i c t i o n   o f   s p i n   c h a r a c t e r i s t i c s ,  the  NASA Langley   Research   Center   in i t i -  
ated a b r o a d   s t a l l / s p i n  research program i n   r e c e n t   y e a r s   i n v o l v i n g   s p i n - t u n n e l  
tes ts ,  rad io-cont ro l led  model tests, and f u l l - s c a l e  f l i g h t  tests f o r  a number o f  
c o n f i g u r a t i o n s ,   i n c l u d i n g  low-wing,  high-wing,  and  twin-engine  designs. Each of  
t h e   c o n f i g u r a t i o n s   t o  be tested is  r e p r e s e n t a t i v e   o f   t y p i c a l   g e n e r a l   a v i a t i o n  
airplanes  weighing  under  18 000 N (4000 l b ) .  The program  involves a wide range 
of  test va r i ab le s ,   such  as t a i l  conf igu ra t ion ,  wing a i r f o i l  and  planform,  fuse- 
lage c ross - sec t iona l   shape ,   cen te r -o f -g rav i ty   pos i t i on ,   and   pa rachu te  s ize  f o r  
emergency sp in   recovery .  



The p r e s e n t   i n v e s t i g a t i o n  was conducted   in  the Langley   sp in   tunnel  w i th  t he  
first o f  a series o f   mode l s   o f   r ep resen ta t ive   s ing le -eng ine   gene ra l   av i a t ion  air-  
p l anes   t o   de t e rmine  the  e f f e c t s   o f  t a i l  c o n f i g u r a t i o n  on s p i n  characteristics. 
The model, a low-wing des ign ,  .was tested w i t h  n ine  t a i l  c o n f i g u r a t i o n s   i n  addi- 
t i o n   t o   v e n t r a l   f i n s  and   fu se l age   mod i f i ca t ions .  The v a l i d i t y  of apply ing  the  
e x i s t i n g  t a i l  d e s i g n   c r i t e r i o n  (ref.  18) f o r   p r e d i c t i n g   s p i n   c h a r a c t e r i s t i c s  was 
eva lua ted .   Var ious   sp in- recovery   cont ro l   p rocedures   were   a l so   eva lua ted .  

SYMBOLS 

I n   o r d e r   t o  fac i l i t a te  usage  of data p r e s e n t e d ,   d i m e n s i o n a l   q u a n t i t i e s  
are p r e s e n t e d   b o t h   i n  t h e  In te rna t iona l   Sys tem  of   Uni t s   (SI )   and   in  t he  U.S. 
Customary  Units.  Measurements  were made i n   t h e  U.S. Customary Units,   and 
equivalent   dimensions were determined by us ing  the c o n v e r s i o n   f a c t o r s   g i v e n   i n  
re ference   20 .  
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wing  span, m ( f t )  
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area SF, m ( f t )  (see f i g .  18) 

d i s t a n c e   f r o m   c e n t e r   o f   g r a v i t y   o f   a i r p l a n e   t o   c e n t r o i d   o f   r u d d e r   a r e a  
sR1, m ( f t )  (see f ig .  18) 

d i s t a n c e  from c e n t e r   o f   g r a v i t y   o f   a i r p l a n e   t o   c e n t r o i d   o f   r u d d e r  area 
sR2, m ( f t )  (see f i g .  18) 
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3 



sR 1 

sR2 

TDPF 

TDR 

UR VC 

V 

X 

Z 

a' 

6a 

6e  

6, 

1-I 

P 

Q 
52 

unshielded  rudder  area above   hor izonta l  t a i l ,  m2 ( f t 2 )  

unshielded  rudder  area be low  hor izonta l  t a i l ,  m2 ( f t 2 )  

t a i l  damping  power f a c t o r  

t a i l  damping r a t i o  

unshielded  rudder  volume c o e f f i c i e n t  

f u l l - s c a l e  rate o f   descen t ,  m/sec (ft /sec) 

d i s t ance   o f   cen te r  of grav i ty   rearward  of l ead ing  edge of  mean 
aerodynamic  chord, m ( f t )  

d i s t a n c e  between c e n t e r   o f   g r a v i t y   a n d   f u s e l a g e   r e f e r e n c e   l i n e  
( p o s i t i v e  when c e n t e r   o f   g r a v i t y  i s  below l i n e ) ,  m ( f t )  

ang le  between fuse l age   r e fe rence   l i ne   and   ve r t i ca l   ( approx ima te ly  
e q u a l   t o   a b s o l u t e   v a l u e  of   angle   of  attack a t  plane  of  symmetry),  
deg 

a i l e r o n   d e f l e c t i o n   a n g l e ,  deg 

e l e v a t o r   d e f l e c t i o n   a n g l e ,  deg 

rudder   def lec t ion   angle ,   deg  

a i r p l a n e   r e l a t i v e - d e n s i t y   c o e f f i c i e n t ,  m/pSb 

a i r  d e n s i t y ,  kg/m3 ( s l u g s / f   t 3 )  

a n g l e  between  span  axis  of wing  and hor izonta l ,   deg  

angu la r   ve loc i ty   abou t   sp in   ax i s ,   r p s  

METHOD OF APPROACH 

The approach  used  in  the  p resen t   i nves t iga t ion   cons i s t ed   o f   sp in - tunne l  
tes ts  of  a r e p r e s e n t a t i v e  low-wing  model f o r  a l a r g e  number of  t a i l  configura-  
t i o n s .  The t a i l  conf igu ra t ion  was va r i ed  by a s y s t e m a t i c   r e l o c a t i o n   o f  t h e  ho r i -  
z o n t a l  t a i l  i n   b o t h   t h e   v e r t i c a l   a n d  the  h o r i z o n t a l   d i r e c t i o n ;   u s e   o f   b o t h   f u l l -  
span  and  partial-span  rudders;   and t h e  use o f   v e n t r a l   f i n s .  

The s p i n  characterist ics exh ib i t ed  by t h e  model were compared w i t h  the 
results p red ic t ed  by t h e  e x i s t i n g  t a i l  d e s i g n   c r i t e r i o n   f o r  l i g h t  a i r p l a n e s  
( r e f .  18).  Also, r e s u l t s   o b t a i n e d  from the  tes ts  of t he  va r ious  t a i l  des igns  
were c o m p u e d   i n   o r d e r   t o   d e t e r m i n e   t h e   r e l a t i v e   e f f e c t i v e n e s s   f o r   s p i n   r e c o v e r y  
of  each t a i l  design.  The effects o f   d e s i g n   f e a t u r e s   o t h e r   t h a n  t a i l  des ign  on 
s p i n  and  spin-recovery characteristics were a lso   eva lua ted .   For   example ,   the  
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effects  o f  strakes, changes   t o   t he   fu se l age   c ros s - sec t iona l   shape ,   and   changes  
t o  the  wing-fuselage f i l l e t  were i n v e s t i g a t e d .  

TAIL DAMPING POWER FACTOR CRITERION 

H i s t o r i c a l  Development 

Ear ly   research . -  The Br i t i sh   Roya l  Aircraft Establ ishment  ( R . A . E . )  conducted 
t h e  first a n a l y s i s   o f  test r e s u l t s   f o r   s p i n - t u n n e l   m o d e l s  ( ref .  21, 1937) i n   a n  
a t t e m p t   t o  establish a c r i t e r i o n  which  would ind ica t e   whe the r  a des ign  had a 
"reasonable   chance"  of   passing t h e  spinning  requirements.   These  requirements 
stated that t h e  model  must recover  by rudde r   r eve r sa l   w i th in  8 sec ( f u l l - s c a l e  
time) from the time the   rudder  was moved. The 8-sec time requirement is esti- 
mated to   be   equ iva len t   t o   abou t  2 t o  3 t u rns   fo r   r ecove ry ,   depend ing  on the s p i n  
rate o f   t he  model a t  t he  time recovery is at tempted.  Th i s  c r i t e r i o n  was requ i r ed  
t o  be met a t  t h e  most c r i t i ca l  mass- and   cen ter -of -gravi ty   loading   condi t ion .  

.__- 

In   deve loping  t h e  R . A . E .  c r i t e r i o n ,   t h r e e   d e s i g n   f a c t o r s  were c o n s i d e r e d   t o  
have a major effect  on the   sp inn ing  characterist ics of   an   a i rp lane   (power  was no t  
s imula ted) :  

( 1 )  The l o n g i t u d i n a l   d i s t r i b u t i o n   o f  mass, as  measured by t h e  d i f f e r e n c e   i n  
I z  and IX expressed  nondimensionally as ( I z  - I ~ ) / p S ( b / 2 ) 3  

( 2 )  The r e s i s t a n c e   o f f e r e d  by t h e  fuse l age  s ide area w h i l e   t h e   a i r p l a n e  was 
sp inning   ( rudder  area excluded) 

The f u s e l a g e  areas both ahead o f   and   beh ind   t he   cen te r   o f   g rav i ty  were 
c o n s i d e r e d   t o   c o n t r i b u t e   t o   s p i n  damping.  Because  of its presumed greater 
e f f e c t i v e n e s s ,  t h e  area benea th   t he   ho r i zon ta l  t a i l  was mul t ip l i ed  by a fac- 
tor of  2 .  The damping  parameter was expressed as CAx2/S(b/2)p, where A 
i s  an  e lementary area loca ted  a t  a d i s t a n c e  x from the c e n t e r   o f   g r a v i t y  
o f   t h e   a i r p l a n e .  When  summed f o r   t h e   t o t a l   c o n f i g u r a t i o n ,   t h i s   p a r a m e t e r  
was termed t h e  body  damping r a t i o  ( B D R ) .  

(3 )  The unshielded  rudder  area, expressed as an   unshie lded   rudder  volume 
c o e f f i c i e n t  ( U R V C )  

The URVC is equa l   t o   t he   p roduc t   o f   t he   rudde r  area no t  immersed i n  
t h e  estimated wake of  the h o r i z o n t a l  t a i l  and  the  dis tance  f rom  the  cen-  
t r o i d   o f  t he  unshielded  rudder  area t o   t h e   a i r p l a n e  center o f   g r a v i t y  
d iv ided  by the  product  of  wing area and  wing  semispan. 

The BDR and URVC were m u l t i p l i e d   t o g e t h e r   t o   p r o d u c e  a "damping  power 
f ac to r f1  (DPF), which was p l o t t e d   a g a i n s t  t he  i n e r t i a  term ( I z  - I ~ ) / p S ( b / 2 ) 3  
for   each  model .  If t h e  model failed t o   p a s s   t h e  8-sec time requ i r emen t   fo r  
r ecove ry ,   t he  model was p l o t t e d  as  " fa i l , "  and i f  i t  d i d  p a s s ,  it was p l o t t e d  as 
clpass.ll A boundary   l i ne  was drawn t o   s e p a r a t e  t h e  pass   and f a i l  po in t s   such  that  
a l l  points   below the boundary were f a i l ,  b u t   t h e r e  were both  pass   and f a i l  p o i n t s  
above  the  boundary. The c r i t e r i o n  was referred t o  as minimum requ i r emen t s   o f   t he  
model des ign   be fo re   sp in - tunne l   t e s t s ' cou ld  be conducted. The main o b j e c t i v e  of 
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the  c r i t e r i o n ,   t h e r e f o r e ,  was t o   s e r v e  as a g u i d e l i n e   t o   i n d i c a t e  whether a 
model design had a reasonable   chance   o f   having  good s p i n  characteristics. It 
was poin ted   ou t  t h a t  the  use   o f  DPF a lone  was n o t   a d e q u a t e   t o   p r e d i c t  t h e  spin-  
recovery characteristics of   the   model ,   s ince  many secondary   f ac to r s  were n o t  
i nc luded   i n   t he   ana lys i s .   The re fo re ,   no   gua ran tee  was g iven  t h a t  the des ign  
would e x h i b i t   s a t i s f a c t o r y   s p i n - r e c o v e r y   c h a r a c t e r i s t i c s   w i t h o u t   a c t u a l  model 
tests. 

Modif icat ion by NACA.- When the  R.A.E.  c r i t e r i o n  was a p p l i e d   t o  some United 
States a i r p l a n e   d e s i g n s ,  it was found  that   the   separat ion  between  the  f fgood  spin-  
ners"  (good  recoveries)  and the  f lpoor   spinnersf1  (poor   recoveries)  was no t   ve ry  
good,  and a s tudy was i n i t i a t e d   t o  improve the  c r i t e r i o n  ( ref .  22, 1939).  The 
primary  change made t o  t he  R.A.E .  c r i t e r i o n  was t h e  manner i n  which t h e   f u s e l a g e  
damping was computed  and  used. A new term, called t a i l  damping r a t i o  ( T D R ) ,  
which cons idered   on ly  the  body a n d / o r   v e r t i c a l - t a i l  area (exc luding  t h e  rudder )  
beneath t h e  h o r i z o n t a l  t a i l ,  rep laced  the  body damping r a t i o  term. Since  URVC 
was though t   t o  be j u s t  as important  as TDR i n   e f f e c t i n g  a separat ion  between t h e  
good  and  poor  spinner, it was dec ided   t o   u se  t he  p roduc t   o f   t hese  two terms as a 
c r i t e r i o n  of merit. Th i s  product  was called t h e  t a i l  damping  power f a c t o r  
(TDPF) . By us ing  t h i s  approach   and   p lo t t ing  TDPF a g a i n s t  (Iz - Ix) /pS( b/2)3 ,  
14  United States monoplane d e s i g n s   t h a t  were tested i n  t h e  sp in   t unne l  were sepa- 
rated i n t o  good and  poor   spinners ,  as determined by sp in- tunnel  tes ts .  On t h e  
b a s i s   o f  t he  r e s u l t s   o f  these 14 a i r p l a n e   d e s i g n s ,  i t  was concluded t h a t  a TDPF 
o f  a t  least 150 x would be needed   fo r   s a t i s f ac to ry   sp in   r ecove ry .  It was 
poin ted   ou t  t h a t  even  though the  TDPF was c o n s i d e r e d   a n   i m p o r t a n t   f a c t o r   i n  t a i l  
des ign ,   o the r   f ac to r s ,   such  as  t h e  wing,  could  have  important effects on t h e  s p i n  
and sp in   r ecove ry ;   t he re fo re ,  t he  TDPF could   no t   be   cons idered  a complete c r i te -  
r i o n   f o r   s p i n   r e c o v e r y .  

Second  modification by NACA.- A few y e a r s  l a te r ,  after a cons ide rab le  
amount o f  model t e s t i n g  by NACA i n  t h e  Langley  spin  tunnel ,  t h e  TDPF c r i t e r i o n  
was m o d i f i e d   a g a i n   t o   i n c l u d e   t h e   r e s u l t s   o f   a b o u t  100 m i l i t a r y   a i r p l a n e   d e s i g n s  
( ref .  19,  1946).  These a i rp l anes   i nc luded   b ip l anes   and  low-wing monoplanes;  no 
high-wing  designs were u s e d   i n  t h e  a n a l y s i s .  A s  a r e s u l t   o f   t h i s   i n v e s t i g a t i o n ,  
s eve ra l   changes  were made i n  t he  previous  TDPF c r i t e r i o n .   F i r s t ,  i t  was found 
t h a t  the r e l a t i v e   d i s t r i b u t i o n   o f   t h e  mass a long  the wing  and t h e  fuselage  and 
t h e  d e n s i t y   c o e f f i c i e n t   o f  t h e  a i r p l a n e   r e l a t i v e   t o  the  a i r  had s i g n i f i c a n t  
i n f luence  on t h e   r e l a t i v e   e f f e c t i v e n e s s   o f  the  rudde r   and   e l eva to r s   fo r   sp in  
recovery .   Therefore ,   the   use   o f  p was in t roduced  as a pa rame te r   t o  draw the  
boundary f o r   s a t i s f a c t o r y  o r  unsa t i s f ac to ry   r ecove r i e s .   A l so ,  i t  was found t h a t  
d e f l e c t i o n   o f  the  a i l e r o n s   c o u l d  make the  sp in   recovery  more d i f f i c u l t .  

Second,  the.method  of  computing the  TDPF was changed. For the  models w i th  
p a r t i a l - s p a n   r u d d e r s ,   a n   a n a l y s i s   o f  the  100 d e s i g n s   i n d i c a t e d  tha t  the  TDR had 
an   i n f luence  on the  model s p i n   a t t i t u d e .   F o r   v a l u e s   o f  TDR greater than  0.019, 
most  of t he  models  spun a t  an  average  angle   of  at tack of about  30°; f o r   v a l u e s   o f  
TBR less  than   0 .019 ,   t he   ave rage   ang le   o f   a t t ack  was c l o s e r   t o  45O. The va lue  
o f  the TDR was therefore   used  as  a g u i d e   t o  estimate the  s p i n   a n g l e   o f   a t t a c k  
f o r   d e s i g n s  wi th  par t ia l - span   rudders .   For   fu l l - span   rudder   des igns ,  t h e  ang le  
of  attack of t h e  model was assumed t o  be 30°. For more detailed informat ion  on 
computing  the t a i l  damping  power f a c t o r ,  see appendix A. 
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Third ,  the  v a l u e   o f  TDPF was p l o t t e d   a g a i n s t   t h e   i n e r t i a  yawing-moment 
parameter (Ix - Iy) /mb2 r a t h e r   t h a n  a parameter related t o   t h e   i n e r t i a   p i t c h -  
i n g  moment ( I z  - I ~ ) / p S ( b / 2 ) 3 .  It was b e l i e v e d   t h a t   s i n c e   t h e   s p i n  is primar- 
i l y  a yawing   mot ion ,   the   s tudy   of   the   sp in   should  be referred t o   t h e  yawing- 
moment parameter   ra ther   than   to   the   p i tch ing-moment   parameter . .  

Four th ,   t he  method of   de te rmining  poor t o  good s p i n n e r s  was changed. 
In s t ead   o f  a time limit of  8 sec ( f u l l  scale) f o r   r e c o v e r y ,   t h e   r e c o v e r y  was 
measured i n  terms o f   t h e  number of   tu rns   f rom  the  time the   r ecove ry   con t ro l s  
were a p p l i e d   t o   t h e  time t h e  model s topped  spinning.  The recovery was consid- 
ered s a t i s f a c t o r y  i f  t h e  model s topped   sp inning   wi th in  2 t u r n s  after t h e  con- 
t r o l s  were app l i ed   fo r   r ecove ry   f rom  the   a i l e ron -neu t r a l   cond i t ion .  

Because it is s o m e t i m e s   d i f f i c u l t   f o r   p i l o t s   t o   m a i n t a i n   s p e c i f i c   c o n t r o l  
d e f l e c t i o n s   d u r i n g  a s p i n ,  model tests were performed t o   e v a l u a t e   t h e   p o s s i b l e  
adverse  effects  on recovery  of  small d e v i a t i o n s   i n   t h e  desired c o n t r o l   s e t t i n g s .  
For these tes t s ,  t h e   a i l e r o n s  were deflected o n e - t h i r d   o f   f u l l   d e f l e c t i o n   i n   t h e  
most c r i t i ca l  d i r e c t i o n ,  t he  e l e v a t o r  was de f l ec t ed   on ly   two- th i rds   fu l l   up ,   and  
t h e  rudder  was moved t o   o n l y   t w o - t h i r d s   o f   f u l l   d e f l e c t i o n   f o r   r e c o v e r y .  Th i s  
con t ro l   con f igu ra t ion   and   r ecove ry   t echn ique  i s  referred t o  as t h e   c r i t e r i o n  

sp in .   Recover ies  are s a t i s f a c t o r y  i f  accomplished  within 2- t u r n s .  
1 

4 

A p p l i c a t i o n   t o   l i g h t   g e n e r a l   a v i a t i o n   a i r p l a n e s . -  The o n l y   c r i t e r i o n  tha t  
has   been   deve loped   - spec i f i ca l ly   fo r   gene ra l   av i a t ion   a i rp l anes  is p r e s e n t e d   i n  
r e f e r e n c e  18 (1947).  It was developed  from 60 o f  t h e  100 va r ious   mi l i t a ry - type  
a i rp l ane   des igns   d i scussed   i n   r e f e rence   19 .  The same procedure was u s e d   t o  
d e v e l o p   b o u n d a r i e s   f o r   s a t i s f a c t o r y   s p i n   r e c o v e r i e s   f o r   a i r p l a n e s  which were 
cons ide red   t o  be s imi l a r , t o   pe r sona l -owner - type  l i g h t  a i r p l a n e s   o f  t h a t  era. 
The TDPF c r i t e r i o n   f o r   l i g h t   a i r p l a n e s  was developed   for  the a i l e r o n - n e u t r a l  
cond i t ion   on ly .  The c r i t e r i o n   b o u n d a r i e s  were drawn  such t h a t  only data p o i n t s  
which r e p r e s e n t e d   s a t i s f a c t o r y   r e c o v e r i e s  f e l l  above the boundary  and  both satis- 
f a c t o r y   a n d   u n s a t i s f a c t o r y   r e c o v e r i e s  f e l l  below  the  boundary. The recovery 

characterist ics were c o n s i d e r e d   s a t i s f a c t o r y  i f  t h e  model   recovered  in  2- t u r n s  

or less by r u d d e r   r e v e r s a l  or s imul t aneous   rudde r   and   e l eva to r   r eve r sa l   fo r  a l l  
p r o s p i n   e l e v a t o r   s e t t i n g s  when t h e   a i l e r o n s  were n e u t r a l .  

1 

4 

P r e s e n t   S t a t u s  

The o n l y   e x i s t i n g  t a i l  d e s i g n   c r i t e r i o n   f o r   l i g h t   g e n e r a l   a v i a t i o n  air-  
p l anes ,  t h a t  o f  reference 18, is f o r   o n l y  the  a i l e ron -neu t r a l   cond i t ion   and  is 
presented  i n  f i g u r e  1. Boundaries are p r e s e n t e d   f o r   s a t i s f a c t o r y   s p i n   r e c o v e r y  
f o r   a i r p l a n e s  wh ich   have   r e l a t ive -dens i ty   coe f f i c i en t s  1-1 of  6 and 10 and f o r  a 
r a n g e   o f   i n e r t i a  yawing-moment parameters  ( IX - Iy)/mb2  from -120 x t o  
120 x IO-'. It is i m p o r t a n t   t o   n o t e   t h a t   t h e   b o u n d a r i e s  shown i n   f i g u r e  1 were 
drawn i n  a conse rva t ive   s ense  on t h e  basis o f   t h e  model data a v a i l a b l e  a t  t h a t  
time. I n   p a r t i c u l a r ,   t h e   b o u n d a r i e s  were drawn such that  no u n s a t i s f a c t o r y   s p i n  
characteristics were e x h i b i t e d  by models  having  values  of TDPF above   the  bound- 

7 



aries; however, many des igns  wi th  s a t i s f a c t o r y   s p i n  characteristics f e l l  below 
the  boundaries .  The fact t h a t  a i r p l a n e s  w i t h  v a l u e s   o f  TDPF below the bound- 
aries c a n   e x h i b i t   e n t i r e l y   s a t i s f a c t o r y   s p i n  characteristics is g e n e r a l l y   n o t  
well known or apprec ia ted   today .  

From exper ience   ga ined   s ince  the c r i t e r i o n  was publ i shed ,  i t  is obvious that  
f a c t o r s   o t h e r   t h a n  t a i l  des ign   can   have   very   s ign i f icant  effects on sp ins .  I n  
p a r t i c u l a r ,   a i l e r o n   d e f l e c t i o n ,   c e n t e r - o f - g r a v i t y   p o s i t i o n ,   w i n g   p o s i t i o n ,  t a i l  
length,   and  fuselage  shape  can  produce  markedly  different   spin characteristics 
f o r  a g iven  t a i l  des ign .   Therefore ,  i t  is obvious t h a t  t he  TDPF c r i t e r i o n   c a n n o t  
be used as a c r i t e r i o n  fo r  p r e d i c t i o n  of sp in   recovery .  A t  best i t  should be 
considered  only as a g u i d e l i n e   f o r  t a i l  design.  For  example,  a large p o r t i o n   o f  
t he  rudder   should be u n s h i e l d e d   i n   o r d e r   t o   h a v e   a n   e f f e c t i v e   r u d d e r   t o   o p p o s e  
the  prospin  yawing moment i n  t h e  spin  and  thereby  provide  yawing moment f o r  
recovery.   Also,  i t  is  obvious t h a t  the  s p i n  damping  provided by t h e  area under 
the  h o r i z o n t a l  t a i l  can be b e n e f i c i a l   i n   p r e v e n t i n g  f l a t  s p i n  modes or, i n  some 
cases, can  cause steep s p i n  modes from which recovery i s  more e a s i l y   o b t a i n e d .  

MODEL 

A l/ll-scale model o f  a research a i r p l a n e  which was c o n s i d e r e d   t o  be a typ i -  
cal  low-wing, s ing le-engine ,  l i g h t  g e n e r a l   a v i a t i o n   a i r p l a n e  was used. A three- 
view  drawing  and a photograph  of the model are shown i n   f i g u r e s  2 and 3, respec- 
t i v e l y .  The basic dimensional characteristics o f  t h e  model are p r e s e n t e d   i n  
terms o f  t h e  c o r r e s p o n d i n g   f u l l - s c a l e   a i r p l a n e   v a l u e s   i n  table I. The t a i l  
assembly of t he  model was removable,  and  independent t a i l  conf igu ra t ions  were 
cons t ruc t ed   t o   pe rmi t  tests o f  the  n ine  t a i l  c o n f i g u r a t i o n s  shown i n   f i g u r e  4. 

Tails 1 ,  2 ,  7 ,  and 9 used   par t ia l - span   rudders ;   and  the  r e s u l t s   o b t a i n e d  
can be compared to   de t e rmine  the  effects o f  moving t h e  h o r i z o n t a l  t a i l  from a low 
p o s i t i o n  on t h e  fuse l age  ( t a i l  1)  t o  h igher  p o s i t i o n s  on t h e  v e r t i c a l  t a i l .  Sim- 
i l a r  comparisons  can be made f o r  ta i ls  3 ,  5,  6 ,  and 8 ,  which used  full-span  rud- 
ders. Other comparisons which can be made inc lude  t h e  effect  o f   f u l l -   a n d  
pa r t i a l - span   rudde r s  and the effect  of l o n g i t u d i n a l   p o s i t i o n   o f  t h e  h o r i z o n t a l  
t a i l  ( t a i l s  1 and 4 ) .  The largest part  o f  t h e  i n v e s t i g a t i o n  was conducted wi th  
t a i l  conf igu ra t ion  3, which was c o n s i d e r e d   t o  be most r e p r e s e n t a t i v e   o f   c u r r e n t  
conf igu ra t ions .  

The t a i l  conf igu ra t ions   u sed   i n  the  i n v e s t i g a t i o n  were des igned   to   p ro-  
v i d e  a wide range   of   va lues   o f  t a i l  damping  power f a c t o r   ( f r o m  45 x t o  
1510 x 1 0-6) . The t a i l  damping  power f a c t o r  (TDPF) , t a i l  damping r a t i o  (TDR) , 
and  unshielded  rudder volume c o e f f i c i e n t  (URVC) f o r  each o f  t h e  t a i l  configura-  
t i o n s  are p r e s e n t e d   i n  table 11. 

V e n t r a l   f i n s  are sometimes  used  in  an attempt t o  improve the spin  and 
recovery characterist ics o f   a n   a i r p l a n e  by providing  increased  damping, which 
should  cause the  a i r p l a n e   t o   s p i n  steeper. T h e r e f o r e ,   v e n t r a l   f i n s  were tested 
i n  the p r e s e n t   i n v e s t i g a t i o n   t o   d e t e r m i n e  their  effect  on the  spin  and  recovery 
characteristics. I n   c a l c u l a t i n g  the TDPF v a l u e s   o f  t he  t a i l s  equipped wi th  ven- 
t r a l  f i n s ,  t he  a d d i t i o n a l  TDR value  provided by the  v e n t r a l   f i n  was added t o  the 
TDR va lue   o f  t h e  t a i l  conf igu ra t ion   a lone .  Regardless o f  t he  l eng th   o f  t he  ven- 
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t ra l  f i n ,   o n l y  the  area o f  t he  v e n t r a l   f i n  below t h e  h o r i z o n t a l  t a i l  was used 
i n   c a l c u l a t i n g  t h e  TDR va lue  for  t h e  v e n t r a l   f i n .  Sketches and  dimensions  of 
the  v e n t r a l   f i n s  and the i r  l o c a t i o n s   f o r   f u l l -   a n d   p a r t i a l - s p a n   r u d d e r s  are shown 
i n   f i g u r e s  5 and 6.  The end of the  v e n t r a l   f i n  is loca ted  a t  t he  end  of t h e  
f u s e l a g e   i n   b o t h  cases. The v a l u e s   o f  the TDPF f o r  t h e  t a i l  c o n f i g u r a t i o n s  w i t h  
a n d   w i t h o u t   v e n t r a l   f i n s  are p r e s e n t e d   i n  table P I .  

The c ross - sec t iona l   shape   o f  the  a f t  f u s e l a g e  was modi f i ed   fo r  some tests i n  
the following  manner: (1 )  a rounded  l tbathtubll   section was added t o  t h e  fuse l age  
bo t tom,   (2 )   s emic i r cu la r   cy l inde r s  were added t o  each side on the  fuse lage   bo t -  
tom, ( 3 )  f i n s  were added t o   e a c h  side of   the  fuselage  bot tom,  and ( 4 )  strakes 
were added along the sides o f  t he  fuse l age .  These mod i f i ca t ions  are descr ibed  
i n  more d e t a i l  l a te r  i n   " R e s u l t s   o f  Tests." 

A rad io-cont ro l   sys tem was u s e d   t o   a c t u a t e  a servomechanism  ins ta l led   in  t h e  
model t o  move the  c o n t r o l   s u r f a c e s .   S u f f i c i e n t   t o r q u e  was a p p l i e d   t o  t h e  con- 
t r o l s   t o  move them f u l l y  a n d   r a p i d l y   t o  t h e  desired p o s i t i o n s .   I n i t i a l  tests 
wi th  landing  gear i n s t a l l e d  on t h e  model i nd ica t ed  a n e g l i g i b l e  effect on the 
spin  and  recovery characterist ics,  which is i n  ag reemen t   w i th   r e su l t s   p re sen ted  
i n   r e f e r e n c e  8; t h e r e f o r e ,  the gear was removed f o r  t h e  ma jo r   pa r t   o f  t h e  t es t  
program. The aerodynamic  and  gyroscopic effects  o f   p r o p e l l e r   o p e r a t i o n  were n o t  
s imulated on the model  and  no  power effects  were s imula ted .  

TEST CONDITIONS 

The tests were performed i n  t he  Langley  spin  tunnel .   Reference 23 describes 
the   sp in   t unne l   and  t h e  t e s t  technique.  A summary of  t h e  technique  is g i v e n   i n  
appendix B of  t h e  p r e s e n t   r e p o r t   f o r  t h e  convenience  of t he  reader. The tech- 
n ique   involves  hand launching the  model i n t o  a v e r t i c a l  airstream i n   b o t h  f l a t  
and steep a t t i t u d e s  w i t h  v a r i o u s  rates o f   r o t a t i o n ,   s i n c e  there may be s e v e r a l  
s p i n  modes p o s s i b l e   f o r  a p a r t i c u l a r   c o n f i g u r a t i o n   a n d   l o a d i n g .  The model i s  
t h e n   a l l o w e d   t o   e n t e r   a n   e q u i l i b r i u m   c o n d i t i o n   p r i o r   t o   a t t e m p t i n g  a recovery.  
A photograph  of the p resen t  model  being tested i n  the Langley  spin  tunnel  is 
shown i n   f i g u r e  7.  

The model was b a l l a s t e d   t o   o b t a i n  dynamic s i m i l a r i t y  a t  a n   a l t i t u d e   o f  
3000 m (10 000 f t )  wi th  a v a l u e   o f   r e l a t i v e - d e n s i t y   c o e f f i c i e n t  ll of  11.0.  
The mass characteristics and mass parameters f o r  t h e  l o a d i n g   c o n d i t i o n s   t e s t e d  
on the model  have  been  converted to   co r re spond ing   fu l l - s ca l e   va lues   and  are 
p r e s e n t e d   i n  table 111. The va lue   o f  t he  i n e r t i a  awing-moment parameter 
( I x  - Iy) /mb2  for  t h e  p r e s e n t  t es t s  was -50 x IO- $ . The tests were conducted 
w i t h  the c e n t e r   o f   g r a v i t y  a t  0.145E  and 0 . 2 5 5 b .  The p r e c i s i o n   o f  t h e  measure- 
ments  of the  s p i n   c h a r a c t e r i s t i c s  is g iven   i n   append ix  B. 

Maximum c o n t r o l   d e f l e c t i o n s   ( m e a s u r e d   p e r p e n d i c u l a r   t o  t h e  h i n g e   l i n e s )  
used on the  model du r ing  the tests were 

Rudder d e f l e c t i o n ,  deg . . . . . . . . . . . . . . . . . . . .  25 r igh t ,  25 l e f t  
E l e v a t o r   d e f l e c t i o n ,  deg . . . . . . . . . . . . . . . . . . .  25  up, 15 down 
A i l e r o n   d e f l e c t i o n ,  deg . . . . . . . . . . . . . . . . . . .  25  up, 20 down 
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The va lues   o f  the  TDPF f o r  the  n ine  t a i l s  tested are Located  on the  t a i l  
d e s i g n   c r i t e r i o n  chart for a va lue  of p o f   1 1 . 0   i n   f i g u r e  8. The boundaries  
i n   f i g u r e  8 were genera ted   f rom  f igure  1 by e x t r a p o l a t i o n .  As shown i n   f i g u r e  8 ,  
v a l u e s   f o r  t a i l  des igns  5 t o  9 are l o c a t e d   i n  t he  s a t i s f a c t o r y   r e g i o n   f o r   r e c o v -  
e r y  by on ly   rudde r   r eve r sa l ;   va lues  for t a i l s  2 and 3 are r e l a t i v e l y   c l o s e   t o  the  
boundary;  and  values for t a i l s  1 and 4 are below the boundary   in to  a r eg ion  where 
recovery by r u d d e r   r e v e r s a l  may be s a t i s f a c t o r y  or  u n s a t i s f a c t o r y .  The c r i t e r i o n  
would a l s o   p r e d i c t  t h a t  a l l  t a i l s ,  with t h e  except ion  of t a i l s  1 and 4 ,  would 
h a v e   s a t i s f a c t o r y   r e c o v e r i e s  by s imul taneous   reversa l   o f   rudder   and   e leva tor .  

To determine the r e l a t i v e   e f f e c t i v e n e s s  of the c o n t r o l s   a n d  of v a r i o u s  con- 
t r o l   c o m b i n a t i o n s ,   s p i n   r e c o v e r i e s   g e n e r a l l y  were attempted by rudde r   r eve r sa l  
a lone  o r  in   combina t ion  wi th  movement o f  t he  e l e v a t o r  down. I n  some i n s t a n c e s  
t h e  rudder   and  e levator  were on ly   neu t r a l i zed .  The a i l e r o n s  were no t  moved dur- 
ing  recovery.  

The normal recommended spin-recovery  procedure  for  l i g h t  a i r p l a n e s  is t o  
first reve r se  t h e  rudder  and  then  about 1/2 t u r n  later t o  move t h e  s t i ck  forward. 
This  de l ayed   e l eva to r  moment cannot be  implemented  on t h e  small sp in- tunnel  mod- 
e ls ;  t h e r e f o r e ,   i n  t he  sp in   tunnel ,   s imul taneous  movements o f  t h e  c o n t r o l s  are 
used. This  technique   usua l ly  leads to   s lower   r ecove r i e s   t han  would be expected 
i f  t h e  rudder   input   preceded t h e  e l e v a t o r   i n p u t .  

Ailerons  have  not  normally  been used  for   sp in   recovery ,   even   though some 
test data i n d i c a t e  tha t  t he  movement o f   a i l e r o n s   c o u l d  a id  recovery.  T h i s  s i t u a -  
t i o n  is caused by the fac t  that t h e  d i r e c t i o n   i n  which a i l e r o n s  are f a v o r a b l e   f o r  
sp in   recovery   can   change   f rom  one   a i rp lane   des ign   to  t he  next  and that  t he  use   o f  
a i l e r o n s   i n  the  inco r rec t   d i r ec t ion   cou ld   p reven t   r ecove ry   a l toge the r .  As a 
r e s u l t   o f  these c o n s i d e r a t i o n s ,  t h e  u s e   o f   a i l e r o n s   t o  a i d  sp in   recovery  has no t  
been  previously recommended, and t h i s  technique was n o t   u s e d   i n  t he  p resen t  
i n v e s t i g a t i o n .  

RESULTS OF TESTS 

Presen ta t ion   o f   Resu l t s  

The resu l t s  o f  the model s p i n  tests t o   d e t e r m i n e  the  effects of   cont ro ls   and  
v e n t r a l   f i n s  on the  s p i n  modes are p r e s e n t e d   i n  charts 1 t o  9. For convenience,  
the  chart number co r re sponds   t o  the  t a i l  conf igu ra t ion  number. For  example, 
charts l ( a ) ,  l ( b ) ,  and l ( c )  a l l  refer t o  t a i l  1 .  The effects  of   fuselage  modif i -  
c a t i o n s  are p r e s e n t e d   i n   f i g u r e  9 .  

A sample o f  the  s p i n  data chart used   t o   p re sen t   sp in - tunne l  test  r e s u l t s  i s  
shown i n   f i g u r e  10 t o   i l l u s t r a t e  how the  v a r i o u s   c o n t r o l   p o s i t i o n s  are repre- 
s e n t e d   i n  t h e  data charts. As i l l u s t r a t e d ,  t he  r e s u l t s   f o r   e l e v a t o r  up ( s t i ck  
back) are presented a t  t h e  top   o f  t h e  chart; f o r   e l e v a t o r  down ( s t ick  forward) ,  
a t  t h e  bottom  of t h e  chart. R e s u l t s   f o r   a i l e r o n s  wi th   t he  s p i n  ( s t i ck  r i g h t  i n  
a r igh t  s p i n )  are presented  on the r ight  side of t h e  chart; for a i l e r o n s   a g a i n s t  
the  s p i n  ( s t i ck  le f t  i n  a r igh t  s p i n ) ,  on the  l e f t  side o f  t h e  chart. 
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On  the  auxiliary  charts,  where  "Spin  blockgt is a  column  heading,  this  block 
represents  a  symbol of a  spin  chart  to  show  at  a  glance  the  positions  of  the  ele- 
vator  and  ailerons  for  the  developed  spin  for  a  given  test.  The  dot  indicates 
the  control  positions  on  the  chart  for  the  spin  and  the  arrow  indicates  the  posi- 
tion  to  which  the  elevator  and  ailerons  were  moved  for  the  recovery  attempt.  The 
rudder is always  with  the  spin  initially  and is always  moved  to  full  against  the 
spin  for  recovery  unless  otherwise  noted. 

A summary  of  the  results  obtained  for  the  basic  tail  configurations  for  the 
normal  and  criterion  spin  control  settings is presented in  figure 11. 

The  terminology  normally  used  in  describing  various  types  of  developed  spin 
modes  usually  refers  to  the  angle  of  attack of the  airplane  during  the  spinning 
motion.  Since  considerable  confusion  sometimes  exists  over  the  definitions  of 
gtsteepll and ggflattt spins,  the  following  guidelines  are  used  to  define  classical 
spin  modes  that  have  been  observed  on  spinning  airplanes: 

" 

Spin  mode 

k"" . 

Flat 
Moderately  flat 
Modeloately  steep 
Steep 

~. ~ . .  ~ - 

.. . - - " 

Angle-of-attack  range, 
"" 

65 to 90 
45  to 65 
30 to  45 

" . .. " . " . " " 

The  range  of  angles  of  attack  shown  is  not  meant  to  imply  that  the  airplane  will 
oscillate  within  these  values,  but  that  the  spin  is  assumed  to  be  in  a  steady 
state  and  the  angle  of  attack  would  stay  at  some  approximately  constant  value 
within  this  range.  For  example,  an  airplane  spinning  smoothly  at  75O  angle  of 
attack  would  be  considered  to  have  a  flat  spin  mode. 

The  model  data  are  presented  in  terms  of  full-scale  values  for  the  airplane 
spinning  at  an  altitude  of 3000 m (IO 000 ft)  with  no  power  effects  simulated. 
Inasmuch  as  the  results  for  right  and  left  spins  are  generally  similar,  all  data 
are  presented  arbitrarily  in  terms of right  spins. 

Interpretatiqn  of  Results 

Specific  results  of  spin-tunnel  tests  should  not  be  applied  directly  to  cor- 
responding  full-scale  conditions  without  proper  interpretation. It is necessary 
to  evaluate  the  spin-tunnel  data  with  a  background  knowledge  of  previous  spin 
programs  for  which  spin-tunnel  and  full-scale  results  have  been  correlated. 
Thus,  spin-tunnel  model  results  are  not  interpreted  rigidly  for  a  specific  con- 
trol  setting,  mass  loading, or dimensional  configuration.  Instead,  they  are 
interpreted  in  terms  of  a  range  of  results  obtained  for  the  combination  of  mass 
characteristics,  dimensional  characteristics,  and  control  settings  under  investi- 
gation by determining  the  extent  to  which  moderate  variations  in  these  factors 
can  alter  the  results. 
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Past  experience  with  model  tests in the  spin  tunnel  have  indicated  that  good 
agreement  has  been  obtained  with  results  of  full-scale  tests  most  of  the  time, 
despite  the  low  Reynolds  number  of  the  model  tests.  The  effects  of  Reynolds 
number  for  the  current  tests  are  not  known  at  the  present  time;  however,  full- 
scale  flight  tests  and  wind-tunnel  force  tests  are  planned  to  evaluate  possible 
Reynolds  number  effects  under  both  static  and  rotary  conditions. 

It  is  important  to  note  that  the  use  of  the  terminology  l'satisfactory  spin 
recovery"  in  the  present  study  differs  from  the  spin  requirements  for  the aero- 
batic  category  that  are  used in the  Federal  Aviation  Regulations  for  light  air- 
planes  (ref. 24, Sec. 23.221). The  term  "satisfactory" as used  herein  indicates 
that  the  corresponding  airplane  should  recover  from  a  fully  developed  spin  in  a 
reasonable  number  of  turns.  The  term  llunsatisfactoryll as used  herein  refers  to 
a condition  in  which  the  number  of  turns  and/or  altitude  loss  for  spin  recovery 
is considered  to  be  excessive or that  the  airplane  may  not  recover  from  the 
spin  at  all.  On  the  other  hand,  the  requirements  in  the  regulations  are  quite 

explicit:  recovery  must  be  completed  within 1- turns  from  a  6-turn  spin  for 

acrobatic  airplanes  after  normal  application  of  recovery  controls.  An  evaluation 
of  the  relationship  between  the  terminology as applied  in NASA model  results  and 
the  Federal  Aviation  Regulations  will  be  made as additional  full-scale  and  model 
test  data  are  obtained. 

1 

2 

Effect  of  Tail  Configuration 

The  results  of  the  tests  to  determine  the  spin  and  recovery  characteristics 
of the  model  for  the  normal  and  criterion  spin  control  conditions  (see  appen- 
dix B) with recovery  by  rudder  reversal  only  and  with  recovery  by  simultaneous 
reversal  of  rudder  and  elevator  are  of  particular  importance,  since  they  are 
used  for  correlation  with  the  existing  tail  design  criterion.  The  following 
discussion  covers  these  tests,  but it also  covers  tests  wherein  recoveries  were 
attempted  by  other  techniques  which  might  provide  additional  understanding  of  the 
mechanics  of  spin  recovery  for  light  airplanes. 

The  results  indicate  that  fast,  flat  spins  could  be  obtained  with  tails 1, 
3, and 4, but  not  with  the  remaining  six  tails.  Since  there  are  other  similari- 
ties  of  results  within  these  two  groupings  of  tail  configurations,  the  following 
discussion is presented  according  to  these  two  groupings  of  tail  configurations. 

Tails 1, 3, and 4.- The  results  shown  in  figure 1 1  indicate  that  a fast, 
flat  spin  mode  and  a  steeper  spin  mode  were  possible  for  tails 1 ,  3, and 4. The 
steeper  spin  mode  was  moderately  flat  for  tails 1 and 3 and  moderately  steep 
for  tail 4 ;  a  moderate  rate  of  rotation  accompanied  the  steeper  spin  mode. No 
recovery  was  obtained  from  the  flat  spin  mode  by  any  combination  of  controls. 

For  the  steeper  spin  modes,  satisfactory  recoveries  by  rudder  reversal  alone 
were  obtained  for  both  the  normal  and  criterion  spin  for  tail 4. For  tails 1 and 
3, satisfactory  recoveries  by  rudder  reversal  were  obtained  from  the  normal  spin 
control  condition,  but  unsatisfactory  recoveries  were  obtained  from  the  criterion 
spin  control  condition.  Movement  of  the  elevator  down  simultaneously  with  rudder 
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r e v e r s a l  improved t h e  recovery characteristics f o r  t a i l  1 such t h a t  r e c o v e r i e s  
from the  c r i t e r i o n   s p i n  were c o n s i d e r e d   s a t i s f a c t o r y   b u t  d i d  not  improve t h e  
recovery characteristics f o r  t a i l  3 .  

S i m u l t a n e o u s   d e f l e c t i o n   o f   b o t h   t h e   r u d d e r   a n d   e l e v a t o r   t o   n e u t r a l   f o r  
recovery  from the  c r i t e r i o n   s p i n   c o n t r o l   c o n d i t i o n   f o r  t h e  s t e e p   s p i n  mode 
r e s u l t e d   i n   r e c o v e r i e s  t ha t  were s low  and   cons ide red   unsa t i s f ac to ry   fo r  t he  
three t a i l  conf igu ra t ions .  Moving only the  e l e v a t o r  down f o r  t a i l  3 r e s u l t e d   i n  
no  recovery.  Changing the  a i l e r o n   d e f l e c t i o n   f r o m   n e u t r a l   t o   f u l l   a g a i n s t  the  
sp in   gene ra l ly   i nc reased  the  ang le   o f  attack and retarded t h e  r ecove r i e s .  

The a d d i t i o n   o f   v e n t r a l   f i n  1 t o  t a i l  1 d i d  n o t   e l i m i n a t e  t he  f l a t  s p i n  
mode; h o w e v e r ,   v e n t r a l   f i n  2 ,  a larger s i z e   f i n ,  d i d  e l i m i n a t e   t h e  f l a t  s p i n  
mode. (See chart l ( b ) . )  The a d d i t i o n   o f   v e n t r a l   f i n  1 t o  t a i l  4 e l imina ted  the 
f l a t  s p i n  mode, f u r t h e r   s t e e p e n e d  the  s p i n   a t t i t u d e   f o r  t he  s t e e p   s p i n  mode, and 
improved the  r ecove r i e s .  A v e n t r a l  f i n  was no t  tested on t a i l  3 f o r  t h e  f l a t  
s p i n  mode; however ,   for  t he  s t e e p e r   s p i n  mode, no  improvements were n o t e d   i n  t h e  
recovery characteristics when a v e n t r a l   f i n  was added. 

Tails 2 ,  5 ,  6 ,  7 ,  8 ,  and 9 .- Only moderately f l a t  and   modera te ly   s teep   sp in  
modes wi th  moderate rates o f   r o t a t i o n  were o b t a i n e d   f o r  t a i l s  2 ,  5 ,  6 ,  7, 8, 
and 9.  (See f ig .  1 1 . )  S a t i s f a c t o r y   r e c o v e r i e s  were obtained  from the  normal 
sp in   con t ro l   Cond i t ion  by r u d d e r   r e v e r s a l   f o r  a l l  t a i l  conf igu ra t ions .  For t h e  
c r i t e r i o n   s p i n   c o n t r o l   c o n d i t i o n ,   s a t i s f a c t o r y   r e c o v e r i e s  by rudde r   r eve r sa l  
were ob ta ined   fo r  t a i l s  5 ,  6 ,  8 ,  and 9;  however ,   unsa t i s f ac to ry   r ecove r i e s  were 
ob ta ined   fo r  t a i l s  2 and 7. A l s o ,   f o r  a l l  t a i l  conf igu ra t ions ,   s imu l t aneous  
r e v e r s a l   o f  t h e  rudder  and movement o f  the  e l e v a t o r   t o   n e u t r a l  or down d i d   n o t  
improve the recover ies   f rom  those   ob ta ined  by r u d d e r   r e v e r s a l   a l o n e .  

S imul t aneous   neu t r a l i za t ion   o f  t he  r u d d e r   a n d   e l e v a t o r   r e s u l t e d   i n   u n s a t i s -  
f a c t o r y   r e c o v e r i e s   f o r  a l l  t a i l  conf igu ra t ions   excep t  t a i l  5. Tail 5 was the  
only t a i l  conf igu ra t ion   o f  a l l  the t a i l s  tested i n  t he  p r e s e n t   i n v e s t i g a t i o n  t h a t  
p roduced   s a t i s f ac to ry   sp in   r ecove r i e s  by n e u t r a l i z a t i o n   o f   t h e   c o n t r o l s .   R e v e r s -  
i n g  t h e  e l eva to r   a lone   f rom up t o  down r e s u l t e d   i n   a n   i n c r e a s e d   s p i n   r o t a t i o n   a n d  
no r ecove ry .   A l so ,   de f l ec t ing  t h e  a i l e r o n s   a g a i n s t  t he  s p i n   g e n e r a l l y   r e s u l t e d  
i n   a n   i n c r e a s e   i n   a n g l e   o f  attack and  tended t o  retard recove r i e s .  

The a d d i t i o n   o f   v e n t r a l   f i n s   t o  ta i ls  5 ,  6 ,  8 ,  and 9 caused   no   s ign i f i can t  
changes   i n  the s p i n  mode or r e c o v e r i e s .  However, a d d i n g   v e n t r a l   f i n s   t o  t a i l s  2 
and 7 made the  s p i n  mode somewhat s teeper   and  reduced the  t u r n s   f o r   r e c o v e r y .  

Effect of   Center-of-Gravi ty   Posi t ion 

Tails 2 ,  6 ,  7, 8 ,  and 9.- S ign i f i can t   changes  were n o t e d   i n  t h e  s p i n  a t t i -  
tude  when the  c e n t e r   o f   g r a v i t y  was changed  from  0.255c t o  0.145; f o r  t a i l s  2 ,  6, 
7, 8 ,  and 9. I n   g e n e r a l ,  when t h e   c e n t e r  of g r a v i t y  was moved forward, t h e  ang le  
o f  attack was reduced by a t  least 80, and as much as  20°,  and the  rate o f   ro t a -  
t i o n   i n c r e a s e d   s l i g h t l y   b e c a u s e   o f  t he  s t e e p e r   a t t i t u d e s .  There was no  appreci-  
able r e d u c t i o n   i n  the tu rns   fo r   r ecove ry ,   however ,   p robab ly   because   o f  the  higher 
s p i n  rates. Because  of t he  s t e e p e r   s p i n  modes, some improvement i n  t h e  recover-  
ies was obta ined  when t h e  c o n t r o l s  were n e u t r a l i z e d .  
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Tails 1 ,  3 ,  4, and 5.- I n   g e n e r a l ,   n o   s i g n i f i c a n t   c h a n g e s   i n  t he  sp in   and  
recovery characteristics were noted when the  c e n t e r   o f   g r a v i t y  was moved forward 
f o r  ta i ls  1 ,  3 ,  4, and 5. For t a i l  3 the  f l a t  s p i n  mode was n o t   e v a l u a t e d   f o r  
the  forward   cen ter -of -gravi ty   pos i t ion .  

Effect of   Modif icat ions  to   Fuselage  and Wing F i l l e t s  

Desc r ip t ion   o f   mod i f i ca t ions . -   Pas t   i nves t iga t ions  (refs. 25 and 26) have 
ind ica t ed  t h a t  t he  c ros s - sec t iona l   shape   o f  t he  f u s e l a g e   c a n   h a v e   s i g n i f i c a n t  
effects on t h e   s p i n   a n d   r e c o v e r y   c h a r a c t e r i s t i c s   o f   a i r p l a n e s .   I n   p a r t i c u l a r ,  
these s t u d i e s  showed t h a t  a f t  f u s e l a g e   c r o s s   s e c t i o n s   h a v i n g  a round  bottom  and 
a f la t  top  can  produce large ant ispin  aerodynamic  yawing moments du r ing   sp ins ;  
whereas c ross   s ec t ions   hav ing  a f l a t  bottom wi th  sha rp  edges and a round  top may 
produce large p rosp in ,  or p r o p e l l i n g ,  yawing moments dur ing  a sp in .  Most o f   t h e  
spin- tunnel   models   used  in  t h e  prev ious   research  on s p i n  characterist ics had 
round-bottom  fuselages,  whereas the a f t  fuselage c r o s s   s e c t i o n   o f   t h e  model used 
i n  the p r e s e n t   i n v e s t i g a t i o n  had a bottom which was rec t angu la r   i n   shape .  

In   view  of  t he  po ten t i a l   impor t ance   o f   fu se l age   shape  on s p i n  characteris- 
t i cs  and  on t h e  a p p l i c a t i o n   o f  t h e  TDPF c r i t e r i o n ,  t he  present   s tudy   inc luded   an  
e v a l u a t i o n   o f   t h e  e f fec ts  produced by several   fuselage  and  fuselage-wing  modif i -  
c a t i o n s .  The mod i f i ca t ions  were designed wi th  two a d d i t i o n a l   o b j e c t i v e s   i n  mind: 
(1 )  t o   d e t e r m i n e   m o d i f i c a t i o n s  which might e l i m i n a t e  f l a t  sp ins ,   such  as those  
exh ib i t ed  by t a i l s  1 ,  3,  and 4; and  (2)   to   de tepmine  t h e  effects  of t h e  modifica- 
t i o n s  on t h e  s t e e p - s p i n   c h a r a c t e r i s t i c s   e x h i b i t e d  by t a i l s  2 and 7 ,  which had 
shown poor  spin-recovery characterist ics.  

The fuselage and  wing f i l l e t  modi f ica t ions   eva lua ted   inc luded   modi f ied  wing- 
fuse l age  f i l l e t s ,  a rounded  l lbathtublf   fuselage  bot tom,  rounded  fuselage  corners ,  
f i n s  on the  bot tom  of  the fuse lage ,   and  strakes a l o n g   t h e  a f t  fuse lage .  The 
model resu l t s   ob ta ined   f rom  fuse lage-modi f ica t ion  tes t s ,  as  previously  mentioned, 
are p r e s e n t e d   i n   f i g u r e  9 ,  and the r e s u l t s   o b t a i n e d  from tes ts  o f  the  modified 
wing-fuselage f i l l e t s  are shown i n   f i g u r e   1 2 .  

S ince  t a i l s  1 ,  3,  and 4 produced similar f l a t  s p i n  modes, on ly  t a i l  4 was 
selected f o r   t e s t i n g ,   e x c e p t   f o r   d e t e r m i n i n g  the  effect  of  wing f i l l e t s  ( i n  which 
case t a i l s  1 ,  3 ,  and 4 were used).  Because t h e  purpose  of  t h e  t es t s  was t o  elim- 
i n a t e  t h e  f l a t  s p i n  modes, only the  developed  spin modes were inves t iga t ed ,   and  
sp in   r ecove r i e s  were not  at tempted.  Both t a i l s  2 and 7 were e v a l u a t e d   f o r  t h e  
s t eep - sp in   s tud ie s ;   and   r ecove r i e s  from the  s p i n s  were at tempted.  

Effect on f la t  sp ins . -   Dur ing   explora tory  tests w i t h  t a i l  3 ,  it  was deter- 
mined t h a t  a v e r y   s e n s i t i v e   a i r f l o w  phenomenon was produced a t  t h e   t r a i l i n g   e d g e  
o f  t h e  wing a t  its junc tu re  wi th  t h e  fuselage. One example o f   t h i s   s e n s i t i v i t y  
is i l l u s t r a t e d   i n   f i g u r e  12,  which i n d i c a t e s  khat  c ros s - sec t iona l   shape   o f   t he  
wing f i l l e t  was a Very impor t an t   f ac to r   i n   de t e rmin ing  how the  model  spun when 
t a i l  3 was on the  model. When the  f i l l e t  was removed, o r  when the  t r a i l i n g  edge 
o f  the  f i l l e t  was sharpened ,   the  model  had a f l a t  s p i n  mode i n   a d d i t i o n   t o   t h e  
s t e e p  mode a l r e a d y   p r e s e n t ;  when t h e  f i l l e t  was r e i n s t a l l e d  wi th  t he  t r a i l i n g  
edge  rounded,  the f l a t  s p i n  was el iminated,   and the  model  had only  the  moderately 
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steep  spin.  These  results  indicate  that  the  model  with  tail 3 is on  the  border- 
line  of  a  flat  spin,  since a small  change in the  fillet  appreciably  affected  the 
spin  characteristics.  However,  when  tails 1 and 4 were  tested  with  the  different 
fillets,  the  model  spin  characteristics  did  not  change,  in  that  both  the  flat  and 
steep  spin  modes  were  still  present.  From  these  results and.other results  of 
fuselage  modifications  that  will  be  presented,  it  appears  that  small  configura- 
tion  changes  at  the  wing-fuselage  juncture  of  the  present  model  caused  large 
changes in the  airflow  characteristics,  which  had  an  appreciable  influence on the 
spin. 

The  effects  of  additional  modifications on the  flat  spin, as previously  men- 
tioned,  are  presented in figure 9 .  ~ These  modifications  were  tested  on  the  model 
for  tail 4 for  the  flat  spin  mode  only.  The  results  of  the  tests  conducted  with 
a  rounded  "bathtub"  section  on  the  bottom  of  the  aft  fuselage  indicated  that  the 
modification  was  extremely  effective  in  preventing  the  flat  spin,  and  the  model 
spun at a steep  angle  of  attack. 

Since  these  results  indicated  that  rounding  the  entire  bottom  of  the  aft 
fuselage  would  prevent  a  flat  spin  mode,  it  was  decided  to  determine  whether  a 
more  simple  approach,  such as rounding  only  the  bottom  sharp  edges  of  the,  aft 
fuselage  by  adding  a  semicircular  cylinder  (1.27-cm  (0.50-in.)  diameter  model 
scale)  to  each  side  of  the  fuselage,  would  also  be  effective.  Furthermore,  since 
the  tests  of  wing-fillet  modifications  indicated  that  there  was  a  sensitive  air- 
flow  condition  at  the  wing  trailing  edge  at  its  juncture  with  the  fuselage,  the 
semicircular  cylinders  were  located  with  the  forward  ends at the  trailing  edge  of 
the  wing.  This  modification  did  not  prevent  the  flat  spin  for  this  particular 
model.  The  installation of similar  semicircular  cylinders  on  another  model 
design  with  a  flat-bottom  fuselage  did  prevent  a  flat spin, however  (unpublished 
data). Hence,  such  a  modification  might  be  considered  for  other  airplane 
configurations. 

Another  modification  designed to change  the  airflow  at  the  wing-fuselage 
juncture  consisted  of  two fins attached  to  the  bottom  of  the  aft  fuselage.  (See 
fig. 9 . )  Variations of the  lateral  and  longitudinal  positions  of  the  fins  were 
tested.  For  the  lateral  position  tests,  the  fins  were  tested  in  several  lateral 
positions  on  the  fuselage  while  the  forward  ends  of  the  fins  were  kept  even  with 
the  trailing  edge  of  the  wing.  When  the  sides  of  the fins  were  flush  with  the 
sides  of  the  fuselage  (fig. 91, the  flat  spin  was  not  prevented.  Moving  both 
fins  laterally  inward to a  point  coinciding  with  the  maximum  diameter  of  the 
semicircular  cylinders (1.27 cm (0.50 in.))  eliminated  the  flat  spin  and  caused 
only  a  steep  spin.  Further  lateral  mov'ement  of  the fins  inward,  however, reduced 
the  effectiveness  of  the  fins  until  they  no  longer  prevented  the  flat  spin. 

For tests  to  determine  the  effect of the  longitudinal  position  of  the  fins, 
the  lateral  position  of  the  fins  remained  constant  at 0.64 cm (0.25 in.)  from  the 
sides  of  the  fuselage  while  the  fins  were  located  at  several  longitudinal  posi- 
tions.  Locating  the  fins so that  the  forward  ends  of  the fins  coincided  with  the 
trailing  edge  of  the  wing  resulted  in  elimination  of  the  flat  spin  mode.  Locat- 
ing  the fins  in  a  more  forward or rearward  position  generally  resulted in  a 
reduction  in  the  effectiveness  of  the  fins  for  preventing  the  flat  spin.  There- 
fore,  it  appeared  that  the  most  effective  longitudinal  position  of  the  fins  was 
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when  the  forward  ends of the  fins  were  located  at  the  wing  trailing  edge or 
slightly  aft. 

To  determine  which  fin  was  contributing  most  to  the  prevention  of  the  flat 
spin,  the  fins  were  tested  individually  on  each  side  of  the  fuselage  bottom. 
When  the  fin  was  located  on  the  windward  side of the  model  (pilot's  left  in  right 
spin),  the  fin  had no  significant  effect  on  the  spin  and  the  model  continued  to 
spin  in the  flat  mode.  However,  when  the  fin  was  located  on  the  leeward  side  of 
the  model  (pilot's  right  in  right  spin),  the  flat  spin  was  eliminated  and  only 
the  steep  spin was obtained. 

Stsakes  were  also  investigated as another  means of attempting  to  prevent 
the  flat  spin.  Two  lengths of strakes  were  tested  at  two  different  vertical 
positions  (fig. 9). Short  strakes  in  the  low  position  did  not  prevent  the  flat 
spin  mode.  When  the  short  strakes  were  raised  until  they  were  at  the  point  where 
the  semicircular  top  of  the  fuselage  became  tangent  to  the  flat  sides,  their 
effectiveness  improved  slightly  in  that  the  angle  of  attack  decreased  slightly, 
so that  the  flat  spin  mode  was  changed  to  a  moderately  flat  spin  mode.  Increas- 
ing  the  length of the  strakes  did  not  appear  to  improve  their  effectiveness 
significantly. 

To determine  whether  the  strakes  were  more  effective  on  the  windward  side or 
the  leeward  side  of  the  model  in  damping  the  spin  rotation,  the  strakes  were 
tested  individually.  The  strake  on  the  leeward  side of the  fuselage  was  inef- 
fective  in  preventing  the  flat  spin;  the  strake  on  the  windward  side  caused  the 
model  attitude  to  steepen  and  thus  indicated  that  this was the  more  effective 
position. 

To evaluate  the  effectiveness of using  several  of  the  aforementioned  methods 
for  preventing  the  flat  spin,  the  short  strakes  and  the  short  semicircular  cylin- 
ders  previously  mentioned  were  tested  in  combination.  (See  fig. 9 . )  The  results 
indicated  that  this  combined  modification  was  more  effective  than  either  of  these 
individual  modifications,  and  a  very  steep  spin was obtained. 

Effect  on  steep  spins.-  In  order  to  determine  whether  the  modifications  to 
the  model  which  were  used  to  prevent  the  flat  spin  mode  would  be  effective  in 
improving  the  spin  and  recovery  characteristics  for  the  steeper  spin modes, brief 
tests  were  conducted  on  the  model  equipped  with  tails 2 and 7. As previously 
discussed,  with  these  tail  configurations  the  basic  model  exhibited  a  moderately 
steep  spin  mode  and  poor  recoveries.  When  the  rounded  fuselage  bottom or fins  on 
the  fuselage  bottom  were  tested  individually  on  the  model  with  either  tail,  the 
spin  became  very  steep  and  recoveries  were  very  rapid. 

During  the  foregoing  studies,  airflow  visualization  techniques  were  used  in 
an  attempt  to  define  the  flow  phenomena  associated  with  the  marked  effects  pro- 
duced  on  spin  characteristics  by  the  fuselage  modifications.  However,  these 
tests  were  uninformative,  and  it  appears  that  static  force  tests or rotary-spin 
force  tests  will  be  required  to  document  the  phenomena  and  the  attendant  effects 
of Reynolds  number  on  such  phenomena. 

16 



CORRELATION OF  RESULTS WITH TAIL DESIGN CRITERION 

Effect o f  Tail Conf igura t ions  

One o f   t he   p r imary   ob jec t ives   o f   t he   p re sen t   i nves t iga t ion  was t o   c o r r e l a t e  
the  effect of  t a i l  des ign  on the  spin  and  spin-recovery characteristics wi th  
r e s u l t s   p r e d i c t e d  by t h e  t a i l  d e s i g n   c r i t e r i o n .  The r e s u l t s   a l r e a d y   p r e s e n t e d  
i n d i c a t e  tha t  t h e   p r e s e n t   c r i t e r i o n   c a n n o t   p r o v i d e  a reliable p r e d i c t i o n  of s p i n  
a n d   r e c o v e r y   c h a r a c t e r i s t i c s   f o r   s e v e r a l   r e a s o n s .  One reason  is t h a t   t h e  cr i te-  
r i o n  is f o r   t h e   a i l e r o n - n e u t r a l   c o n d i t i o n ,   w h e r e a s   a i l e r o n   d e f l e c t i o n   h a s   b e e n  
shown t o  have a marked effect on spin  and  recovery characterist ics.  Furthermore,  
t h e   c r i t e r i o n   c o n s i d e r s   o n l y  t a i l  des ign   parameters   a l though  o ther   geometr ic  fea- 
t u r e s   s u c h  as f u s e l a g e   c r o s s   s e c t i o n ,  f i l l e t  shape ,   and   ven t r a l   f i n s   have   been  
shown t o  have  marked effects  on sp in   and   r ecove ry   cha rac t e r i s t i c s .   Ano the r  
appa ren t   sho r t coming   o f   app ly ing   t he   ex i s t ing  t a i l  d e s i g n   c r i t e r i o n   f o r   p r e d i c -  
t i o n   o f   s p i n   C h a r a c t e r i s t i c s  is t h e   a s s u m p t i o n   t h a t   a n g l e   o f   a t t a c k   o f   t h e   s p i n  
can be p red ic t ed  by c a l c u l a t i o n   o f  t he  TDR f a c t o r .  A s  shown i n   f i g u r e  13, t h e  
r e s u l t s   o b t a i n e d  for t h e   p r e s e n t  model show t h a t   t h e   v a l u e s  of a n g l e  of attack 
a s s o c i a t e d   w i t h   t h e   v a r i o u s   s p i n  modes exh ib i t ed  by t h e  model w i t h   t h e   n i n e  t a i l  
c o n f i g u r a t i o n s   g e n e r a l l y  were considerably  higher   than  values   assumed when  com- 
p u t i n g   t h e  TDPF u s e d   i n   t h e  t a i l  d e s i g n   c r i t e r i o n .  

The a c t u a l   c o r r e l a t i o n   o f   t h e   c r i t e r i o n   w i t h   t h e   r e s u l t s   o b t a i n e d   f o r   s p i n  
recovery by only rudder r e v e r s a l   f o r   t h e   n i n e  t a i l  c o n f i g u r a t i o n s  is shown i n  
f i g u r e s   1 4 ( a )   a n d   l 4 ( b ) .   I n   t h e s e   f i g u r e s ,   t h e   s o l i d   s y m b o l s  are u s e d   t o   d e n o t e  
t a i l  conf igura t ions   which  were found t o  have   unsa t i s fac tory  characterist ics,  and 
the   open   symbol s   deno te   con f igu ra t ions   w i th   s a t i s f ac to ry   cha rac t e r i s t i c s .  A s  
shown i n   f i g u r e   I 4 ( a ) ,   t h e   a i l e r o n - n e u t r a l   r e s u l t s   f e l l  on t h e  proper  sides of  
the  boundary.  However, t h e s e   r e s u l t s   c o u l d  be misleading  because a p i l o t   c a n n o t  
be e x p e c t e d   t o   h o l d   t h e   a i l e r o n s   e x a c t l y   n e u t r a l ,   a n d  the data o f   f i g u r e   1 4 ( b )  
f o r   a i l e r o n - d e f l e c t e d   ( o n e - t h i r d   o f  maximum d e f l e c t i o n )   c o n d i t i o n s  showed that  a 
small d e f l e c t i o n   o f  t h e  a i l e r o n s   c o u l d  cause poor   r ecove r i e s   fo r   con f igu ra t ions  
which were on t h e   s a t i s f a c t o r y  s ide  of  the  boundary  and  which were cons idered  
good when a i l e r o n s  were n e u t r a l  ( tai ls  2 and 7 ) .  

F o r   t h e   h o r i z o n t a l - t a i l   p o s i t i o n s  tested, s i m u l t a n e o u s   r e v e r s a l   o f   t h e  ele- 
va to r   and   rudde r   fo r   t he   l oad ing  tested i n   t h e   p r e s e n t   i n v e s t i g a t i o n   d i d   n o t  
always a id  t h e  sp in   recovery   and   in  some cases retarded the   recovery .  A s  shown 
i n  f i g u r e   1 5 ,  t h e  t a i l  d e s i g n   c r i t e r i o n  fa i led  t o   p r e d i c t   c o r r e c t l y   t h e   s p i n -  
r e c o v e r y   c h a r a c t e r i s t i c s   o f  t a i l s  2 ,  3,  6 ,  and 7 when recovery was a t tempted  by 
s imul taneous   reversa l   o f   the   rudder   and   e leva tor .  The c r i t e r i o n   p r e d i c t e d   t h a t  
t h e s e   r e c o v e r i e s  would be s a t i s f a c t o r y ,   b u t   t h e  results o f   t h e  tests showed t h a t  
they were u n s a t i s f a c t o r y  when t h e  a i l e r o n s  were d e f l e c t e d .  

The r e s u l t s   a l s o  showed tha t   r eve r s ing   on ly   t he   e l eva to r   (keep ing   t he   rud -  
der deflected w i t h   t h e   s p i n )   f o r   s p i n   r e c o v e r y  resulted in   no   r ecove ry .  (See 
c h a r t s  l ( c )  a n d   3 ( a ) . )  The e x p l a n a t i o n   f o r  t h i s  g e n e r a l  lack o f   e f f e c t i v e n e s s  
o f   e l e v a t o r   f o r   r e c o v e r y  is probably   the   sequence   of   cont ro l  movements for t h i s  
r e p r e s e n t a t i v e   a i r p l a n e   l o a d i n g   c o n d i t i o n .  The pr imary   recovery   cont ro l  f o r  t h i s  
l oad ing   cond i t ion  (Ix - Iy) /mb2 = -50 x 10-4 is the   rudde r .   (See  ref. 23. ) 
S i n c e   t h e   d i f f e r e n c e   b e t w e e n   t h e   r o l l i n g  and p i t c h i n g  moments of' i n e r t i a  is 
small, t he   gy roscop ic  yawing-moment c o n t r i b u t i o n   t o   r e c o v e r y  is small, There- 
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f o r e ,  t h e  p r o p e r   r e c o v e r y   c o n t r o l   f o r   a n   a i r p l a n e   o f  t h i s  loading  is d e f l e c t i o n  
o f  the  r u d d e r  t o   f u l l   a g a i n s t  the  sp in   fo l lowed  about   1 /2   tu rn  la ter  by deflec- 
t i o n   o f  t h e  e l e v a t o r  down ( s t i c k  forward, see r e f .  23).  Movement o f  the rudder  
first a l lows  the r u d d e r   t o   i n i t i a l l y  retard t h e  yawing rate b e f o r e   t h e   e l e v a t o r  
i n t roduces  the nose-down moment. S ince  the  d e f l e c t i o n  of t h e  rudder  and  eleva- 
t o r  is simultaneous on t h e  spin-tunnel  model,  t he  sp in- tunnel  tests m i g h t   r e s u l t  
i n  a p e s s i m i s t i c   p r e d i c t i o n   o f   r e c o v e r i e s   a t t e m p t e d  by d e f l e c t i o n   o f   b o t h   t h e  
rudder  and the e l e v a t o r .  The r e s u l t s   o f   r a d i o - c o n t r o l l e d  model t es t s  (unpub- 
l i s h e d )  i l l u s t r a t e  t h a t  r e c o v e r i e s   f o r  t h i s  p a r t i c u l a r   c o n f i g u r a t i o n  wi th  t h e  
same load ing   cond i t ion  are improved by wa i t ing   abou t   1 /2   t u rn  after the  rudder  
has  been deflected t o   r e v e r s e  the e l e v a t o r .  

Thus, t h e  spin- tunnel  results obtained w i t h  va r ious  t a i l  conf igura t ions   and  
cont ro l   manipula t ions  show t h a t  a c r i t e r i o n   f o r   p r e d i c t i o n   o f   s p i n  characteris- 
t i c s  o f   an   a i rp l ane   canno t   be  based s o l e l y  on t a i l  des ign .  However, t h e  way i n  
which the  t a i l  is designed  does  have a very large effect  on spin  and  recovery 
characterist ics.  For t h i s  r e a s o n ,   c e r t a i n  t a i l  des ign  features can be examined 
t o   e v a l u a t e   f a v o r a b l e   a n d   a d v e r s e   d e s i g n   f e a t u r e s  w i t h  r e g a r d   t o  t h e  spin  and 
sp in   recovery .  

Effect o f   v e r t i c a l   p o s i t i o n   o f   h o r i z o n t a l  t a i l . -  The effect o f  t a i l  height  
was g e n e r a l l y   b e n e f i c i a l ,  as would be i n f e r r e d  from the  TDPF c r i t e r ion ;   however ,  
some c o n t r a r y   r e s u l t s  were obtained.   For   example,   for  t h e  c r i t e r i o n   s p i n   c o n t r o l  
s e t t i n g ,  when t h e  h o r i z o n t a l  t a i l  was moved up  on t h e   v e r t i c a l  t a i l   ( t a i l  2 t o  
t a i l  7 )  to i n c r e a s e  t h e  magnitude  of t h e  TDPF from  348 x t o  518 x t h e  
sp in  characterist ics d i d  not   improve ,   a l though  benef ic ia l  effects were expected.  
I n   p a r t i c u l a r ,  t h e  ang le  of attack of  t h e  sp in   i nc reased  from 47O t o  53O and t h e  
turns   for   recovery   increased   f rom 3 t o  4 .  I n   a d d i t i o n ,  when the   conf igu ra t ion  
was changed  from t a i l  3 t o  t a i l  6 ,  t h e  recovery characteristics o f  t h e  s t e e p e r  
sp in  mode improved  only s l i g h t l y   ( a l t h o u g h  the f l a t  s p i n  mode was e l imina ted ) .  
Thus,  even  though a large i n c r e a s e   i n  t a i l  damping  power f a c t o r  was o b t a i n e d   i n  
the changes  from t a i l s  2 and 3 t o  ta i ls  7 and 6 ,  r e s p e c t i v e l y ,  t h e  s t e e p   s p i n  
modes were changed  very l i t t l e  and t h e  t u r n s   f o r   r e c o v e r y  improved  only  s l ight ly .  

When t a i l s  2 and 3 were moved t o  even h igher  p o s i t i o n s  on t h e  v e r t i c a l  t a i l  
( t a i l s  9 and 8 ,  r e s p e c t i v e l y ) ,  a l a r g e  improvement i n  t h e  spin  and  recovery char- 
acterist ics was obta ined .  When the h o r i z o n t a l  t a i l  was moved from t h e  low  posi- 
t i o n   o f  t a i l  2 t o  t h e  much h igher  p o s i t i o n   o f  t a i l  9 ,  t h e  a n g l e   o f   a t t a c k  
decreased from  about 47O t o  29O f o r  t h e  c r i t e r i o n   s p i n   c o n t r o l   c o n d i t i o n ,   a n d   t h e  
t u r n s   f o r   r e c o v e r y  changed  from u n s a t i s f a c t o r y   t o   s a t i s f a c t o r y .  Likewise, chang- 
ing  f rom t a i l  3 ( l o w   p o s i t i o n )   t o  t a i l  8 (h igh  pos i t i on )   e l imina ted   t he  f l a t  s p i n  
mode and  reduced the  ang le   o f  attack of  t h e  s t e e p  mode from 52O to   approximate ly  
370. The t u r n s   f o r   r e c o v e r y   f o r  t h e  s t e e p   s p i n  mode were also  reduced  f rom  about  
3 t o  3/4. Therefore, i t  appears  t h a t  r a i s i n g  t h e  h o r i z o n t a l  t a i l  s u f f i c i e n t l y  
h igh  on t h e  v e r t i c a l  t a i l  t o   p u t  the value  of t h e  TDPF well i n t o  t h e  s a t i s f a c t o r y  
reg ion   of  t he  t a i l  d e s i g n   c r i t e r i o n   c a n   r e s u l t   i n  a s i g n i f i c a n t  improvement i n  
r ecove r i e s .  

Effect o f   l o n g i t u d i n a l   p o s i t i o n   o f   h o r i z o n t a l  t a i l . -  Moving t h e  h o r i z o n t a l  
t a i l  from a low forward   pos i t ion  ( t a i l  1 )  t o  a low rea rward   pos i t i on  ( t a i l  4)  on 
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the  fuse l age  had no s i g n i f i c a n t  effect  on the  f l a t - s p i n  characterist ics o f  t h e  
model but  d i d  have a f avorab le  effect  on t h e  s teep-sp in  characteristics. For 
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t h e   s t e e p   s p i n  mode, moving t h e   h o r i z o n t a l  t a i l  rearward r e s u l t e d   i n  a s t e e p e r  
sp in   and   rap id   recover ies ,   whereas   on ly   unsa t i s fac tory   recover ies  were obta ined  
w i t h   t h e   h o r i z o n t a l  t a i l  i n  t h e  forward   pos i t ion .  It is be l ieved  t h a t  because 
o f   t h e   v e r y   s t e e p   a t t i t u d e   o f   t h e   s p i n   f o r  t a i l  4, a large p o r t i o n   o f   t h e   r u d d e r  
was unshielded enough t o   p r o v i d e  an e f f e c t i v e   r u d d e r   f o r   r e c o v e r y .  

Effect of  rudder  span.-  When the   rudde r   span   changes ,   bo th   t he  TDR and t h e  
URVC vary.  The effect o f   t h i s   c h a n g e  was eva lua ted  by ana lyz ing  t h e  resul ts  from 
ta i ls  2 and 3,  6 and 7 ,  and 8 and 9.  The t a i l s  i n  each group are t h e  same except  
t ha t   one  t a i l  has  a fu l l - span   rudde r ,  which r e s u l t s   i n  a r e l a t i v e l y  large va lue  
o f  URVC, and t h e   o t h e r  t a i l  has  a p a r t i a l - s p a n   r u d d e r ,   w h i c h   r e s u l t s   i n  a rela- 
t i v e l y  large va lue   o f  TDR. Tail 3 ( fu l l - span   rudde r )  has  both a f l a t  and a s t e e p  
s p i n  mode. Exchanging URVC f o r  TDR (by   chang ing   t he   fu l l - span   rudde r   t o  a 
par t ia l - span   one  ( t a i l  2) )  e l i m i n a t e d   t h e  f l a t  s p i n  mode. This  r e s u l t   o c c u r r e d  
because   t he  damping (TDR) o f   t h e  t a i l  was increased  and a t  t h e  same time the   p ro-  
spin  yawing moment due t o   t h e   r u d d e r  was decreased. The t r a d e - o f f   i n  t h i s  case 
(dec reas ing  URVC and   i nc reas ing  TDR) was e f f e c t i v e   i n   e l i m i n a t i n g  a f l a t  s p i n  
mode but  d i d  no t   improve   t he   r ecove r i e s   i n  t he  s t e e p  mode. 

For t a i l  6 ,  which  had a fu l l - span   rudde r ,  t h e  s p i n   a n g l e   o f   a t t a c k  was mod- 
erate and the  r ecove r i e s ,   a l t hough   marg ina l ,  were s a t i s f a c t o r y .  When t h e  t a i l  
damping was inc reased  by us ing  t h e  par t ia l - span   rudder  ( t a i l  71, t h e   s p i n   a n g l e  
o f   a t t ack   r ema ined   abou t   t he  same rather than  decreasing,   and t h e  t u r n s   f o r  
recovery  increased  and became u n s a t i s f a c t o r y .  The r e c o v e r i e s  were poor  because 
the  a n g l e   o f   a t t a c k  was n o t   r e d u c e d   s u f f i c i e n t l y   t o   e x p o s e  t h e  add i t iona l   rudde r  
area needed f o r   s a t i s f a c t o r y   r e c o v e r y .  When t h e  r u d d e r   d e f l e c t i o n  was inc reased  
on t a i l  7 t o  improve the  r e c o v e r i e s ,   t h e   t u r n s   f o r   r e c o v e r y  were reduced  and 
became s a t i s f a c t o r y .   T h u s ,   f o r  t a i l  7 ,  i n c r e a s i n g  TDR a t  t h e  expense  of  reduc- 
i n g  URVC was unfavorab le ,   s ince  t h e  a n g l e   o f   a t t a c k  was basically  unchanged;  and 
because t h e  rudder  area needed   for   recovery  was decreased, t h e  recovery  charac-  
ter is t ics  were s e v e r e l y  degraded. 

Ano the r   f ac to r  which must be c o n s i d e r e d   i n   t h e   a n a l y s i s   b u t  is no t   i nc luded  
in   t he   computa t ion   o f  TDPF is t h e  case i n  which URVC is inc reased  by extending 
the r u d d e r   t o  t he  bottom  of t h e  fuse l age   ( and   t hus   dec reas ing  T D R ) .  The 
increased  URVC is assumed t o  be b e n e f i c i a l   f o r   r e c o v e r y  by rudde r   r eve r sa l ,   bu t  
what is not   cons idered  is t h e   p o s s i b l e   a d v e r s e  effect of  the  add i t iona l   rudde r  
area, which  produces  an  additional  prospin  yawing moment t o  t h e  sp in   be fo re  
recovery   t akes   p lace   ( rudder -wi th-sp in   condi t ion) .  However, i n  most cases t h e  
adverse  effect  o f   t he   p rosp in   i npu t  is u s u a l l y  small compared wi th  t he  b e n e f i c i a l  
effect of  t he  a n t i s p i n   i n p u t   p r o v i d e d   b y . t h e   r u d d e r .  

For t a i l  8 ( fu l l - span   rudder )   and  t a i l  9 ( p a r t i a l - s p a n   r u d d e r ) ,  the s p i n  
r e s u l t s  were similar i n  t ha t  s t e e p   s p i n s   a n d   r a p i d   r e c o v e r i e s  were obta ined .  
Thus ,   fo r   t hese  ta i ls ,  w h e r e   r e l a t i v e l y   h i g h   v a l u e s   o f  TDR and URVC were 
involved,   the   exchange  of  TDR f o r  URVC d id   no t   app rec i ab ly  affect  t h e   s p i n s  or 
r ecove r i e s .  

I n  some cases, u s u a l l y  where good r e c o v e r i e s  were ob ta ined ,  the sp in   recov-  
eries were n o t   s i g n i f i c a n t l y  affected by t h e  exchange  of URVC f o r  TDR,  and i n  
o t h e r  cases, u s u a l l y  where marg ina l   r ecove r i e s  were i n v o l v e d ,   t h e   r e c o v e r i e s  were 
adve r se ly  affected. Thus   i nc reases   i n   bo th  TDR and URVC are gene ra l ly   necessa ry  
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in order  to  improve  significantly  the  spin-recovery  characteristics. If the 
recoveries  are  borderline,  that is, barely  satisfactory,  the  most  desirable 
approach  is  to  increase  both  URVC  and  TDR.  The  geometry  of  the  tail  would 
determine  how  such  an  improvement  could  be  accomplished.  The  addition  of  a  ven- 
tral  fin is one  way  to  increase  TDR. If more  drastic  measures  are  required,  then 
the  entire  tail  configuration  might  have  to  be  revised. 

Effect  of  Ventral  Fins 

The  purpose  of  adding  a  ventral  fin is to  increase  the  spin  damping,  which 
in turn  decreases  the  angle  of  attack  and  improves  recovery  characteristics. 
However,  the  results  of  this  investigation  indicate  that  ventral  fins  do  not 
always  produce  this  desirable  effect. 

Selected  results  of  the  tests  to  determine  the  effects  of  ventral  fins  are 
correlated  with  the  existing  tail  design  criterion  in  figure 16. Inasmuch as 
the  tests  were  conducted  for  only  the  criterion  spin  condition,  the  data  points 
reflect  conditions  involving  small  aileron  deflections.  Of  particular  interest 
are  the  data  points  which  denote  the  results  obtained  for  tail. 1 with  a  ventral 
fin.  It  can  be  seen  that  when  ventral  fin 1 was  added  to  tail 1 to  increase  TDPF 
from  45 x to  405 x the  flat  spin  was  not  eliminated  and  the  recoveries 
remained  unsatisfactory.  This  unsatisfactory  condition  was  not  predicted  by  the 
tail  design  criterion. For tail 4, which  also  had  a  flat  spin  mode,  the  addition 
of  ventral  fins  generally  was  very  effective  in  preventing  the  flat  spin  and 
resulted  in  a  much  steeper  spin,  from  which  satisfactory  recoveries  could  be 
obtained. It should  be  noticed  that  when  the  ventral  fin  was  added  to  tail 1 ,  
the  resulting  value  of  TDPF  was  about  the  same  magnitude  as  that  for  tail 2 (see 
fig. 14(b)), which  also  did  not  correlate  with  the  criterion. 

It  is interesting  to  note  that  the  addition  of  ventral  fins  generally  was 
more  effective  in  reducing  the  angle  of  attack  for  tail  designs  with  partial- 
span  rudders  rather  than  with  full-span  rudders.  Tail 9 was  an  exception,  possi- 
bly  because  the  spin  mode  was so steep  even  without  a  ventral  fin  that  the  addi- 
tion  of  a  fin  would  not  be  expected  to  change  its  attitude  appreciably. For the 
full-span  rudder  configurations  investigated,  the  ventral  fins  had  little  effect 
on  the  angle  of  attack  of  the  spin. 

A possible  reason  why  the  ventral  fins  were  not  as  effective  in  reducing  the 
angle  of  attack  for  the  full-span  rudder  configurations as for  the  partial-span 
designs  is  the  greater  prospin  yawing  moment  provided by  the  additional  rudder 
area  of  the  full-span  configuration. For a  full-span  rudder  configuration, 
therefore,  the  ventral  fin  has  an  additional  yawing  moment  to  oppose  and  thus 
appears  to  be  less  effective. 

It might  be  assumed  that  another  reason  why  the  ventral  fin  on  a  full-span 
rudder  configuration is less  effective  is  the  change  in  yawing  moment  caused  by 
the  forward  location  of  the  ventral  fin.  This  change is not  considered  to  be  a 
major  contribution,  however,  since  test  results  with  different  size  ventral  fins 
(which  also  changed  the  yawing  moment)  did  not  influence  the  results  appreciably. 

20 



An  indication as to  the  relative  merits  of  increasing  TDPF  by  two  different 
methods is afforded  by  the  following  analysis  for  tail 3 .  First,  a ventral  fin 
(ventral  fin 1 was  added  to  tail 3 to  increase  the  TDPF  to 432 x and  sec- 
ond, the  horizontal  tail  was  moved  to  the  tail 6 position,  which increased-the 
TDPF  to 500 x Thus, on  the  basis  of  these  TDPF  values,  both  tails  were 
well  into  the  satisfactory  region on the  tail  design  criterion  chart  for  the 
aileron-deflected  condition;  however,  the  results  obtained  from  these  two  changes 
were  different.  The  addition  of  the  ventral fin to  tail 3 had no  favorable 
effect  on  the  steep  spins or recoveries,  whereas  raising  the  horizontal  tail 
(tail 6) did  have  a  favorable  effect.  The  foregoing  results  indicate  that  the 
method  used  to  increase  the  magnitude  of  the  tail  damping  power  factor  can  have 
a  significant  effect  on  the  spin  characteristics. 

Effect  of  Center-of-Gravity  Position 

Although  the  effects  of  changes  in  the  center-of-gravity  position  are  not 
accounted  for  in  the  tail  design  criterion,  experience  and  the  previously  dis- 
cussed  results  in  this  report  indicate  that  sometimes  a  relatively  small  change 
in  center-of-gravity  position  can  result  in  important  changes  in  the  spin  and 
spin-recovery  characteristics.  The  fact  that  such  effects  are  not  accounted  for 
in the  tail  design  criterion is another  reason  why  the  criterion  may  not  cor- 
rectly  predict  spin  characteristics  of  airplanes. 

SUMMARY  OF  RESULTS 

The  results  of  a  spin-tunnel  investigation  with  emphasis on the  effects of 
tail  configuration  on  the  spinning  characteristics  of  a  model  of  a  low-wing, 
single-engine,  light  general  aviation  research  airplane  are  summarized as 
follows: 

(2 )  The  results  also  indicate  that  many  geometric  features  other  than  tail 
configuration  affect  the  spin  and  recovery  characteristics.  Some  of  these  fea- 
tures  are  fuselage  cross-sectional  shape,  ventral fins,  strakes, and  wing 
fillets. 

(3 )  Aileron  deflection  had  a  marked  adverse  effect on spin  and  recovery  char- 
acteristics  when  the  ailerons  were  deflected  in  an  adverse  direction.  Because of 
the  influence  of  aileron  deflection  and  fuselage  modifications  on  spin  and  recov- 
ery  characteristics,  the  existing  tail  design  criterion,  which is based  only  on 
aileron-neutral  conditions  and  tail  design  parameters,  did  not  predict  the  spin- 
recovery  characteristics  of  the  model  correctly  for  some  tail  configurations. 

( 4 )  A number  of  modifications  to  the  fuselage,  such as rounding  the  fuse- 
lage  bottom  and  adding  suitable  ventral  fins  at  the  tail or under  the  fuselage- 
wing  juncture,  were  found  to  be  effective  in  eliminating  a  flat-spin  condition. 
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(5 )  For steep  spins,  the  rounded  fuselage  bottom  and  ventral  fins  under  the 
fuselage-wing  juncture  improved  the  recovery  characteristics,  but  the  ventral 
fin  located  at  the  tail  had  little or  no  effect. 

(6 )  For the  model  tested,  a  very  sensitive  airflow  phenomenon  existed at 
the  trailing  edge of the  wing  at  its  juncture  with  the  fuselage.  Wing  fillets, 
corner  modifications,  and  ventral  fins  located  in  that  area  resulted  in  dramatic 
changes  in  the  spin  modes  for  some  tail  configurations. 

(7) The  simultaneous  use  of  elevator  reversal  (from  up t o  down)  with  rudder 
reversal  did  not  necessarily  aid  the  spin  recovery  and  in  some  cases  retarded 
recovery. 

( 8 )  The  use  of  the  elevator  alone  for  spin  recovery  was  unsuitable,  since 
it  was  incapable  of  terminating  the  developed  spin. 

( 9 )  With  regard  to  the  overall  effects  of  tail  configurations  on  the  spin- 
recovery  characteristics,  the  T-tail  and  the  tail  configurations  that  had  the 
horizontal  tail  mounted  halfway  up  on  the  vertical  tail  produced  the  best  spin 
recoveries. 

CONCLUSION 

On  the  basis  of  the  results  of  the  present,  investigation,  the  tail  design 
criterion  for  light  airplanes,  which  uses  the  tail  damping  power  factor (TDPF) 
as a  parameter,  cannot  be  used  to  predict  spin-recovery  characteristics. How- 
ever,  certain  principles  implicit  in  the  criterion  are  still  valid  and  should  be 
considered  when  designing  a  tail  configuration  for  spin  recovery. It  is  import- 
ant  to  provide as much  damping  to  the  spin as possible  (area  under  the  horizontal 
tail),  and  it  is  especially  important  to  provide as much  exposed  rudder  area  at 
spinning  attitudes as possible  (unshielded  rudder  volume  coefficient  (URVC))  in 
order  to  provide  a  large  antispin  yawing  moment  for  recovery. 

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
July 28, 1977 
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METHOD OF COMPUTING TAIL DAMPING  POWER  FACTOR 

The method of  computing the  t a i l  damping  power f a c t o r  (TDPF) is g i v e n   i n  
r e fe rence   19 ,   and   fo r  t h e  convenience  of t h e  reader, t h e  procedure is d iscussed  
a g a i n   i n   t h i s   r e p o r t ,  A s k e t c h   i l l u s t r a t i n g  the  f a c t o r s  which are i m p o r t a n t   i n  
the t a i l  c o n f i g u r a t i o n   f o r   s p i n   r e c o v e r y  is g i v e n   i n   f i g u r e   1 7 .  T h i s  f i g u r e  
i l l u s t r a t e s  t h e  dead-air reg ion   over  much o f  the  v e r t i c a l  t a i l ,  which is caused 
by t h e  s ta l led wake o f   t h e   h o r i z o n t a l  t a i l  and which s e r i o u s l y  decreases t h e  
e f f e c t i v e n e s s   o f   t h e   r u d d e r .   I n  order t o  have  good  rudder   effect iveness ,  a sub- 
s t a n t i a l   p a r t   o f   t h e   r u d d e r  must be o u t s i d e  t h e  h o r i z o n t a l - t a i l  wake. Another 
impor tan t ,   bu t  less obv ious ,   cons ide ra t ion  is t h a t  t he  fixed area beneath the 
h o r i z o n t a l  t a i l  must be s u f f i c i e n t   t o  damp t h e  sp inning   mot ion ,   s ince  i t  has been 
found that  t h i s  area c o n t r i b u t e s  much o f  the  damping o f   t h e   s p i n n i n g   r o t a t i o n .  
The importance  of   both t h e  f o r e g o i n g   f a c t o r s  are a c c o u n t e d   f o r   i n  t h e  t a i l  damp- 
i n g  power f a c t o r .  

A s  d i s c u s s e d   i n   r e f e r e n c e   1 7 ,  t h e  rudder  must  have a s u b s t a n t i a l  amount of  
area o u t s i d e  the  h o r i z o n t a l - t a i l  wake i n   o r d e r   t o  be e f f e c t i v e ,   a n d  also, t he  
fuse l age  must  have a s u b s t a n t i a l  amount  of area under t h e  t a i l  i n   o r d e r   t o   p r o -  
v ide  damping of  the  s p i n n i n g   r o t a t i o n .  When c o n v e r t e d   t o   c o e f f i c i e n t   f o r m ,  t h e  
unshielded r u d d e r  area m u l t i p l i e d  by i ts  moment arm from t h e  c e n t e r   o f   g r a v i t y  
i s  referred t o  as the  unshielded  rudder  volume c o e f f i c i e n t  ( U R V C ) ,  and  the  fuse-  
lage side area under t h e  h o r i z o n t a l  t a i l  m u l t i p l i e d  by t h e  square  of  i ts  moment 
arm is referred t o  as t h e  t a i l  damping r a t i o  ( T D R ) .  These two c o e f f i c i e n t s  are 
u s e d   t o   c a l c u l a t e  t h e  t a i l  damping  power f a c t o r .  When t h e  concept  of t a i l  damp- 
i n g  power f a c t o r  was be ing   formula ted ,  some method had t o  be d e v i s e d   t o   d e f i n e  
the  pos i t i on   and   ex ten t   o f  t h e  wake of t he  h o r i z o n t a l  t a i l .  An a n a l y s i s   o f  t h e  
model r e s u l t s  a t  t h a t  time showed t h a t  i f  t h e  t a i l  damping r a t i o  was less than 
0.019, t h e  sp in   angle   o f  attack ( r e l a t ive   w ind)   cou ld  be assumed t o  be 45O and a 
wake boundary  could be assumed t o  be  def ined  by t h e  30° and 60° l i n e s  of fig- 
u r e  18. If t h e  t a i l  damping r a t i o  was g rea t e r   t han   0 .019 ,  t h e  sp in   ang le  of 
attack ( r e l a t ive   w ind)   cou ld  be assumed t o  be 30° and t h e  wake boundary  could be 
assumed t o  be def ined  by t h e  15O  a.nd  45O l i n e s   o f   f i g u r e  18. 

A pa r t i cu la r ly   impor t an t   po in t   b rough t   ou t  by t h e  form  of   the   equat ion   for  
t a i l  damping  power f a c t o r  is t h a t  both t h e  f i x e d  area beneath t h e  h o r i z o n t a l  t a i l  
and the  unshielded  rudder  area are r e q u i r e d   t o   g i v e   s i g n i f i c a n t   v a l u e s   o f  t h i s  
parameter .  The r e a s o n s   f o r  t h i s  s i t u a t i b n  are tha t  t h e  damping  provided by the 
f i x e d  area is requ i r ed   t o   s t eepen   and   s low t h e  equi l ibr ium  sp in ,   and   rudder  power 
is r e q u i r e d   t o   p r o v i d e  t h e  change i n  moment n e c e s s a r y   t o  effect a recovery.  
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TEST METHODS AND PRECISION 

Model Test ing  Technique 

Spin-tunnel tests are usual ly   performed t o  determine t h e  spin  and  recovery 
characteristics o f  a model f o r  the  no rma l   con t ro l   con f igu ra t ion   fo r   sp inn ing  
( e l e v a t o r   f u l l   u p ,  lateral  c o n t r o l s   n e u t r a l ,   a n d   r u d d e r   f u l l  w i t h  t h e  sp in)   and  
f o r   v a r i o u s   o t h e r  lateral cont ro l   and   e leva tor   combina t ions ,   inc luding   neut ra l  
and maximum s e t t i n g s   o f  t h e  surfaces .   Recovery is g e n e r a l l y  attempted by r a p i d  
f u l l   r e v e r s a l   o f  t h e  rudder ,  or by r ap id   fu l l   r eve r sa l   o f   bo th   rudde r   and  ele- 
vator .   Recovery  techniques were varied  because t h e  con t ro l   man ipu la t ion   r equ i r ed  
f o r   r e c o v e r y  i s  primari ly   dependent  on t h e  mass d i s t r i b u t i o n   a n d   g e o m e t r i c  char- 
acteristfcs o f  t h e  model ( ref .  23) .  

Tests  are a l s o   p e r f o r m e d   t o   e v a l u a t e  t h e  poss ib l e   adve r se  effects  on  recov- 
e ry   o f  small devia t ions   f rom t h e  no rma l   con t ro l   con f igu ra t ion   fo r   sp inn ing .  For 
these tes t s ,  t h e  e l e v a t o r  i s  set a t  ei ther f u l l - u p   d e f l e c t i o n   o r   t w o - t h i r d s   o f  
i ts  fu l l -up   de f l ec t ion ,   and  t h e  lateral  c o n t r o l s  are set a t  o n e - t h i r d   o f   f u l l  
d e f l e c t i o n   i n  the  d i r ec t ion   conduc ive   t o   s lower   r ecove r i e s ,  which may be e i ther  
a g a i n s t  the s p i n  ( s t i c k  l e f t  i n  a r i g h t  s p i n )  or w i t h  t h e  spin,   depending  primar- 
i l y  on t h e  mass characterist ics o f  t h e  par t icular   model .   Recovery i s  attempted 
by r a p i d l y   r e v e r s i n g  t h e  rudde r   f rom  fu l l  w i t h  t h e  s p i n   t o   o n l y   t w o - t h i r d s  
a g a i n s t  the s p i n ,  by s imul t aneous   rudde r   r eve r sa l   t o   two- th i rds   aga ins t  t h e  s p i n  
and movement of the e l e v a t o r   t o  e i ther  n e u t r a l  or two-thirds  down, or by s imulta-  
neous rudder  r e v e r s a l   t o   t w o - t h i r d s   a g a i n s t  t h e  sp in   and  s t i ck  movement t o  two- 
t h i r d s  wit'h the sp in .  T h i s  cont ro l   conf igura t ion   and   manipula t ion  i s  referred t o  
as t h e  " c r i t e r i o n   s p i n , "  w i t h  t h e  p a r t i c u l a r   c o n t r o l   s e t t i n g s   a n d   m a n i p u l a t i o n  
used  being  primarily  dependent on t h e  mass d i s t r i b u t i o n   a n d   g e o m e t r i c  character- 
istics of  the model. 

Turns   for   recovery  are measured  from t h e  time t h e  c o n t r o l s  are moved t o  t h e  
time the  s p i n   r o t a t i o n  ceases. Recovery characteristics of a model are g e n e r a l l y  
c o n s i d e r e d   s a t i s f a c t o r y  i f  a l l  the r ecove r i e s  t ha t  are attempted from t h e  cri te- 
r i o n   s p i n   i n   a n y   o f  t h e  manners  previously described are accomplished  within 

2- t u r n s  or  less. Th i s  va lue  has been selected on t h e  basis of fu l l - s ca l e -  

a i rp l ane   sp in - recove ry  data t h a t  are ava i l ab le   fo r   compar i son  w i t h  corresponding 
model t es t  r e s u l t s .  

1 

4 

For s p i n s   i n  which a model has a ra te  o f   d e s c e n t   i n   e x c e s s   o f  t h a t  which 
can   r ead i ly  be o b t a i n e d   i n  t h e  tunne l ,  t h e  rate of   descent  is recorded as 
greater than t h e  v e l o c i t y  a t  t h e  time t h e  model h i t  t h e  s a f e t y   n e t ,   f o r   e x a m p l e ,  
>91 m/sec (300 f t /sec)  f u l l  scale. In   such  tes t s ,  t h e  r e c o v e r i e s  are at tempted 
before  t h e  model reaches i ts  f i n a l   s t e e p e r   a t t i t u d e   a n d  w h i l e  i t  is still  
descend ing   i n  the tunne l .  Such r e s u l t s  are cons ide red   conse rva t ive ;  t h a t  is, 
r e c o v e r i e s  are g e n e r a l l y   n o t  as fast  as when t h e  model is i n  t h e  f i n a l   s t e e p e r  
a t t i t u d e .  For r e c o v e r y   a t t e m p t s   i n  which a model strikes t h e  s a f e t y   n e t  wh i l e  
i t  is still  i n  a s p i n ,  the  recovery is recorded as greater than  t h e  number of  
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turns  from  the  time  the  controls  were  moved  to  the  time  the  model  struck  the 
net, for  example, >3. A >3-turn  recovery,  however,  does  not  necessarily  indicate 
an  improvement  over  a  >7-turn  recovery. A recovery  in 10 or more  turns is indi- 
cated  by OD. 

Precision 

Results  determined in free-spinning  tunnel  tests  are  believed  to  be  true 
values  given  by  models  within  the  following  limits: 

CZ’,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f1 
$,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?I 
V, percent +5 
SZ, percent f2 

1 
Turns  for  recovery  obtained  from  motion-picture  records L 

4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  

1 

2 
Turns  for  recovery  obtained  visually . . . . . . . . . . . . . . . . . . .  f- 

The  preceding  limits  may  be  exceeded  for  certain  spins  in  which  the  model  is  dif- 
ficult  to  control in the  tunnel  because of the  high  rate  of  descent or because  of 
the  wandering or oscillatory  nature  of  the  spin. 

The  accuracy  of  measuring  the  weight  and  mass  distribution  of  models  is 
believed  to  be  within  the  following  limits: 

Weight,percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f l  
Center-of-gravity  position,  percent  c + I  

- . . . . . . . . . . . . . . . . . . .  
Moments  of  inertia,  percent . . . . . . . . . . . . . . . . . . . . . . . .  f5 

Controls  are  set  within  an  accuracy of +lo. 

25 



REFERENCES 

1.  Special  Study - General  Aviation  StallISpin  Accidents, 1967-1969. Rep. 
No. NTSB-AAS-72-8,  Sept. 1972. 

2. Silver,  Brent W.:  Statistical  Analysis  of  General  Aviation  Stall  Spin 
Accidents.  [Preprint] 760480, SOC. Automot.  Eng. , Apr. 1976. 

3 .  Seidman,  Oscar;  and  Neihouse, A. I.: Free-Spinning  Wind-Tunnel  Tests  of  a 
Low-Wing  Monoplane  With  Systematic  Changes in Wings  and  Tails. I. Basic 
Loading  Condition.  NACA  TN 608, 1937. 

4. Seidman,  Oscar;  and  Neihouse, A. I.: Free-Spinning  Wind-Tunnel  Tests  of  a 
Low-Wing  Monoplane  With  Systematic  Changes  in  Wings  and  Tails. 11. Mass 
Distributed  Along  the  Fuselage.  NACA  TN 630, 1937. 

5.  Seidman,  Oscar;  and  Neihouse, A. I.: Free-Spinning  Wind-Tunnel  Tests  of  a 
Low-Wing  Monoplane  With  Systematic  Changes in Wings  and  Tails. 111. Mass 
Distributed  Along  the  Wings.  NACA  TN 664, 1938. 

6. Seidman,  Oscar;  and  Neihouse, A. I.: Free-Spinning  Wind-Tunnel  Tests  of  a 
Low-Wing  Monoplane  With  Systematic  Changes  in  Wings  and  Tails. IV. Effect 
of  Center-of-Gravity  Location.  NACA  Rep. 672, 1939. 

7. Seidman,  Oscar;  and  Neihouse, A. I.: Free-Spinning  Wind-Tunnel  Tests of a 
Low-Wing  Monoplane  With  Systematic  Changes  in  Wings  and  Tails. V. Effect 
of  Airplane  Relatiye  Density.  NACA  Rep. 691, 1940. 

8. Gale,  Lawrence J.: Effect of Landing  Flaps  and  Landing  Gear  on  the  Spin  and 
Recovery  Characteristics  of  Airplanes.  NACA  TN 1643,  1948. 

9. Klinar,  Walter J.; and Snyder,  Thomas L.:  Influence  of  Tail  Length  Upon  the 
Spin-Recovery  Characteristics  of  a  Trainer-Type  Airplane  Model.  NACA 
TN 1764, 1948. 

IO. Klinar,  Walter J.; and  Gale,  Lawrence J.: Wind-Tunnel  Investigation  of  the 
Spinning  Characteristics  of  a  Model  of  a  Twin-Tail  Low-Wing  Personal-Owner- 
Type  Airplane  With  Linked  and  Unlinked  Rudder  and  Aileron  Controls.  NACA 
TN 1801, 1949. 

11. Bihrle,  William, Jr.: Floating  Characteristics  of  Rudders  and  Elevators  in 
Spinning  Attitudes as Determined  From  Hinge-Moment-Coefficient  Data  With 
Application to Personal-Owner-Type  Airplanes.  NACA  TN 2016, 1950. 

12. Klinar,  Walter J.; and  Wilson,  Jack  H.:  Spin-Tunnel  Investigation  of  the 
Effects  of  Mass  and  Dimensional  Variations  on  the  Spinning  Characteristics 
of  a  Low-Wing  Single-Vertical-Tail  Model  Typical  of  Personal-Owner  Air- 
planes.  NACA  TN 2352, 1951. 

26 



13. Stone,  Ralph  W.,  Jr.;  Garner,  William G.; and Gale,  Lawrence J.:  Study  of 
Motion  of  Model of Personal-Owner  or  Liaison  Airplane  Through  the  Stall 
and  Into  the  Incipient Spin by Means  of  a  Free-Flight  Testing  Technique. 
NACA  TN 2923, 1953. 

14. Neihouse,  Anshal I.: The  Effect of Variations  in  Moments  of  Inertia  on  Spin 
and  Recovery  Characteristics  of  a  Single-Engine  Low-Wing  Monoplane  With 
Various  Tail  Arrangements,  Including  a  Twin  Tail.  NACA  TW  1575,  1948. 

15. Bowman,  James S., Jr.;  and Burk,  Sanger  M., Jr.: Stall/Spin  Studies  Relating 
to  Light  General-Aviation  Aircraft.  [Preprint]  730320, SOC. Automot.  Eng. , 
Apr.  1973. 

16. Bowman,  James S., Jr.;  and  Burk,  Sanger  M.,  Jr.:  Stall/Spin  Research  Status 
Report.  [Preprint] 740354, SOC. Automot.  Eng.,  Apr. 1974. 

17. Bowman,  James S., Jr.:  Summary  of  Spin  Technology as Related  to  Light 
General-Aviation  Airplanes. NASA TN  D-6575, 1971. 

18. Neihouse, A. I.:  Tail-Design  Requirements for Satisfactory  Spin  Recovery 
for  Personal-Owner-Type  Light  Airplanes.  NACA  TN  1329,  1947. 

19. Neihouse,  Anshal I.; Lichtenstein,  Jacob H.; and  Pepoon,  Phillip  W.:  Tail- 
Design  Requirements  for  Satisfactory  Spin  Recovery.  NACA  TN  1045,  1946. 

20.  Mechtly, E. A.: The  International  System of Units - Physical  Constants  and 
Conversion  Factors. NASA SP-7012,  1973. 

21. Finn, E.: Analysis  of  Routine  Tests of Monoplanes  in  the  Royal  Aircraft 
Establishment  Free  Spinning  Tunnel. R. & M. 1810, British  A.R.C.,  1937. 

22.  Seidman,  Oscar;  and  Donlan,  Charles J.: An  Approximate  Spin  Design  Crite- 
rion for Monoplanes.  NACA  TN 711, 1939. 

23. Neihouse,  Anshal I.; Klinar,  Walter J.; and Scher,  Stanley H.: Status of 
Spin  Research  for  Recent  Airplane  Designs. NASA TR R-57,  1960.  (Super- 
sedes  NACA RM L57F12. ) 

24.  Airworthiness  Standards:  Normal,  Utility,  and  Acrobatic  Category  Airplane. 
Federal  Aviation  Regulations,  vol..III, pt. 23, FAA, Feb. 14, 1975. 

25.  Irvin, H. B.; Batson, A. S.; and  Warsap, J. H.: The  Contribution  of the Body 
and  Tail of an  Aeroplane  to  the  Yawing  Moment  in  a  Spin. R. & M.  No.  1689, 
British  A.R.C., 1936. 

26. Stone,  Robert R.: T-34C  Turboprop  Trainer  Spin  Development  Program.  1975 
Report  to  the  Aerospace  Profession,  Tech.  Rev.,  voP.  12,  no. 4, SOC. Exp. 
Test  Pilots,  1975, pp. 29-36. 

27 



TABLE I.- DIMENSIONAL CHARACTERISTICS  OF  CORRESPONDING  FULL-SCALE AIRPLANE 

Overa l l   l ength   wi th  t a i l  3. m ( f t )  . . . . . . . . . . . . . . .  5.83 (19.14) 

Wing : 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  7.46  (24.46) 
Area. m2 ( f t2 )  . . . . . . . . . . . . . . . . . . . . . . . .  9.1 1 (98.11) 
Root  chord. cm ( i n . )  . . . . . . . . . . . . . . . . . . . . .  121.92  (48.0) 
Tip  chord. cm ( i n . )  . . . . . . . . . . . . . . . . . . . . .  121.92  (48.0) 
Mean aerodynamic  chord. cm ( i n . )  . . . . . . . . . . . . . . .  121.92  (48.0) 

A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.10 

Root.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 
Tip.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 

A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . .  NACA 642-415 modified 

Leading edge o f  c. d i s t a n c e  rearward o f   l ead ing  edge o f  
root   chord.  cm ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Dihedral.   deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0 
Incidence:  

Hor izonta l  t a i l :  
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  5.89  (19.32) 
Inc idence .  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -3.0 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  NACA 651-012 

Vertical  tail: 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  NACA 651-012 
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TABLE 11.- DAMPING  CHARACTERISTICS  OF  TAIL  CONFIGURATIONS  ALONE 

Tail 
configuration 

1 

2 

" 

AND WITH  VENTRAL F I N S  

V e n t r a l  
f i n  

N o n e  

1 

2 

3 

N o n e  

1 

1 A  

2 

N o n e  

1 

1B 

2 

3 

N o n e  

1 

1B 

2 

. ". " 

" 

." 

TDR 

0.009 

0.024 

0.031 

0.021 

0.029 

0.044 

0.044 

0.051 

0.018 

0.027 

0.027 

0.032 

0.025 

0.005 

0.016 

0.016 

0.020 

~. 

~ . . . 

- .. . 

URVC 

0.005 

0.017 

0.017 

0.017 

0.012 

0.012 

0.012 

0.012 

0.016 

0.016 

0.016 

0.016 

0.016 

0.018 

0.018 

0.018 

0.027 

.. 

.. ____ 

. " 

T D P F  

45 x 10-6 

408 x 10-6 

527 x IOm6 

357 x 10-6 
~ 

348 x 10-6 

528 x 

528 x 10-6 

612 x 10-6 

288 x IOm6 

432 x 10-6 

432 x 

512 x 

400 x 10-6 

90 x 10-6 

288 x 

288 x 10-6 

540 x 10-6 
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TABLE 11.- Concluded 

f i n  

None 

1 

None 

1 

1c 

2 

None 

1 

1A 

2 

None 

1 

~ .. 

None 

1 

TDR 

0.037 

0.043 

0.025 

0.035 

0.035 

0.040 

0.037 

0.052 

0.052 

0.060 

0.034 

0.041 

0.042 

0.054 

". . - - 

~. 

URVC 

0.041 

0.041 

0.020 

0.020 

0.020 

0.020 

0.014 

0.014 

0.014 

0.014 

0.028 

0.028 

0.019 

0.019 

. .. - 

" 

1510 x 10-6 

1760 x 10-6 

500 x 10-6 

700 x 10-6 

700 x 10-6 

800 x 10-6 

518 x 10-6 

728 x 10-6 

728 x 10-6 

840 x 10-6 

952 x 

1150 x 10-6 

798 x 10-6 

1030 x 10-6 

TDPF 

"_ 



TABLE 111. - MASS  CHARACTERISTICS AND INERTIA PARAMETERS OF LOADINGS  TESTED ON THE MODEL 

[Values  given  are f u l l   s c a l e ;  moments of inertia  are  given  about  center of gravi ty  1 
Center-of-gravity  Relative  density, I Moments of i n e r t i a ,  

I Weight, ’ posit ion P, a t  - kg-m2 Mass parameters 
Loading (slug-ft2) 

I 

1 I I1 I 

1 

175 x 10-4 -125 x 10-4 -50 x 1268 795 606 11.0 8.2 0.048 0.145 6672 2 

175 x 10-4 -125 x 10-4 -50 x 795 1268 606 11 .o 8.2 0.048 0.255 6672 
(1500) (935) (586)  (447) 

(1500) (935)  (586)  (447) 



FOOTNOTES  FOR SPIN CHARTS 1 TO 9 
a 

bRecovery  attempted by d e f l e c t i n g  the r u d d e r   t o  25O a g a i n s t  the spin  and 

Two c o n d i t i o n s   p o s s i b l e .  

t he  e l e v a t o r   t o  15O down. 

C Recovery attempted by d e f l e c t i n g  the  r u d d e r   t o  25O a g a i n s t   t h e   s p i n ,  
e l e v a t o r   t o  150 down, and the  a i l e r o n s   t o  250 with the  s p i n .  

dRecovery  attempted by d e f l e c t i n g  the r u d d e r   t o  35O a g a i n s t  t h e  s p i n ,  
e l e v a t o r  t o  1 5 O  down, and the  a i l e r o n s   t o  25O wi th  the s p i n .  

e Recovery  attempted by d e f l e c t i n g  the  r u d d e r   t o   t w o - t h i r d s   a g a i n s t  t he  
sp in .  

fRecovery  attempted by d e f l e c t i n g  the  r u d d e r   t o   t w o - t h i r d s   a g a i n s t   t h e  
s p i n  and the  e l e v a t o r   t o   t w o - t h i r d s  down. 

gRecovery  attempted by d e f l e c t i n g  the  rudder  t o   t w o - t h i r d s   a g a i n s t  t h e  
s p i n  and the  e l e v a t o r   t o   n e u t r a l .  

hRecovery attempted by d e f l e c t i n g  t h e  r u d d e r   a n d   e l e v a t o r   t o   n e u t r a l .  

i 

'Recovery attempted by d e f l e c t i n g  t h e  e l e v a t o r   t o   t w o - t h i r d s  down. 

kRecovery  attempted by d e f l e c t i n g  the  r u d d e r   t o  25O a g a i n s t  t he  s p i n .  

'Recovery attempted by d e f l e c t i n g  the  r u d d e r   t o   n e u t r a l .  

m 

n 

'Spin a l t e r n a t e l y   c h a n g e s  from a s t e e p   t o  a modera te ly   s teep   sp in  mode. 

'Recovery  from s t e e p  mode. 

qRecovery  from  moderately  steep mode. 

r 

Recovery   a t t empted   be fo re   f i na l   a t t i t ude  reached. 

Three c o n d i t i o n s   p o s s i b l e .  

Smooth s p i n  wi th  small a l t e r n a t i n g   c h a n g e s   i n   s p i n  a t t i tude .  

Recovery attempted by d e f l e c t i n g  the  r u d d e r   t o   n e u t r a l   a n d  the  e l e v a t o r  
t o   two- th i rds .  



I 

CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF THE HODEL WITH TAIL 1 

( a )   Sp in   cha rac t e r i s t i c s  Tor a f t   c e n t e r  of grav i ty  

[ R ~ ~ ~ ~ ~ ~ ~  . t t e q t e d  by f u l l  ruddmr reversal   unless  otherwise  noted  (recovery  attempted fro. and developed 
spin  data   presented for rudder-ful l -with  spins) ;  U, inner WlW UP;  D, inner WiW d m ]  

%del At t i tude  

Low-wing 
We1 A 

Erect 

T a i l  

00 1 

Flaps  

Direction 

Right 

Al t i tude  

3000 ( l o  000 ft)  

Wodel values   converted  to   ful l   scale  

213 up 
Elevator 

a 

Ailerons 
1/3  against  

0.46 

h- I 
Elevator full up 

(Stick  back) 

Ai le rons   fu l l   aga ins t   Ai le rons   fu l l   wi th  
( S t i c k   l e f t )  (Stick r i g h t )  -+  

I, 
I Elevator full down 
1’ (Stick  forward) 

I i 
I I I 

Turns for recovery I 
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CHART 1.- Continued 

( b )  Effect of ventral  fins 

Low-wing  model A 
Right  erect  spins 
Weight, 6672 N (1500 l b )  
Loading, (Ix T Iy)/mb2 = -50 x 
Center of gravlty  at 0.255~ 
Altitude, 3000 rn (10 000 ft) 

A, against 
U, inner  wing  up 

D, inner  wing  down 

" 

[ Spin  characteristics I Control  deflection,  deg I 
T 

No ventral  fin 

0.94  25W 

Ventral  fin 1 

(1.3) 
0.79 

(2.2) 
0.45 

0.40 
(2.5) 

0.40 
(2.5) 

0.46 
(2.2) 

0.46 
(2.2) 

0.46 
(2.2) 

16.7A 

a 

E3 
m 

3 1 1  
1-, 2-, 2- 
4 2 2  

1 

3 4' 1 ,  1 

1 1  

2 2  I 

?, 2,  2- ,  2-, 3, 3: 

I ,  1-, 1- 
3 3  
4 4  

1 1 1  3 
2 4  

;, 1;) 1-, 2, 2- 
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CHART 1.- Continued 

(b )  Concluded 

pin block 

I Spin   cha rac t e r i s t i c s  I Control  deflection,  deg I 

45 

: 27  

45 

45 

3u 
2D 

3D 

3L 
21: 

31 
21 

v ,  
m/sec 

( f t / s e c )  

n, For  spin 
rps  Turns  for  recovery 

( s e d t u r n )  
&e &a 

Vent ra l   f in  1 I 
0 .46  

( 2 . 2 )  3,   3 ,  4 

Vent ra l   f in  2 

16.7A 

i 16.7A 

i 16.7A 

i 16.7A 

i 16.7A 

i 
Vent ra l   f i n  3 

16.7U 

16.7U 

16.7U 

16.7U 

i 

// 

7 
i 
/ 
/ 
/ 

~ 

I 
i' 1 

'3 - 
4 

'2 
4 

~ 

3 
1,  1- 

4 

2- 3 
2 '  

1 

~ 

16.7A 
1- - - 
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CHART 1.-  Concluded 

( c )   Sp in   cha rac t e r i s t i c s  for forward  center  of  gravity 

[ R ~ ~ ~ ~ ~ ~ ~  attempted by ful l   rudder   reversal   unless   otherwise  noted  ( recovery  a t tempted fr0m and  developed 
sp in  data presented for rudder-full-with  spins);  U, inner  w i n g  UP; D, inner Wing  down] 

Model At t i tude  Direction 

nodel A 
Low-wing Right 

F laps  Alti tude 

3000 m (10 000 f t )  

Model va lues   conver ted   to   fu l l   sca le  

113 agains t  
Ailerons 

a 

411 - Iy)/mb2 = -50 x 1 
Center-of-gravity  position 

0.1455 

Loading 

e  1 e l  
5-. 5- e6 Elevator e- 

213 UP 4 2, 

L 

Elevator full UP 
(Stick  back) 

I 

deg deg 



CHART 2.- SPIN  AND RECOVERY  CHAFIACTERISTICS OF THE MODEL  WITH  TAIL  2 

( a )   S p i n   c h a r a c t e r i s t i c s   f o r   a f t   c e n t e r   o f   g r a v i t y  

[Aecovery  attempted by ful l   rudder   reversal   unless   otherwise  noted  ( recovery  a t tempted from and  developed 
spin  data  presented  for  rudder-full-with  spins);  U, inner  wing up; D, inner wing dom] 

Att i tude  Direction I Loading 

Erect (Ix - Iy)/mb2 i -50 x Right 

Flaps Al t i tude  

00 0.255z 3000 m (10 000 i t )  
I 

Model values   converted  to  full scale 

(128) (2.4) 

2-, 3-, 4; 
1 1 1  

2 2  

1/3 agains t  
Ailerons 

"; f2 ,  2-. f 3  

g2.  24' 2- 

h, 

1 

Ai le rons   fu l l   aga ins t  
( S t i c k   l e f t )  

, 

- 

E l e v a t o r   f u l l  up 
(Stick  back) 

( S t i c k   r i g h t  

1 r 
E l e v a t o r   f u l l  down 

(Stick  forward) I , 
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C U R T  2.- Continued 

(b)  Effect of ventral  f ina 

h - w i n g  d e l  A 
Right erect  spins 
Weight, 6672 N (1500 l b )  
h d i n g ,  (Ix - IT)/& = 150 x 

.Altitude, 3000 (10 000 ft)  
Center of gravity  at   0 .2550 

D, inner uing down 
U, inner wing up 

"" 

Control de f l ec t ion ,  deg I 

W 

W 

qT U7 2D 

e-180) 
>55 

No ventral fih 

1 
(2.2) 
0.46 

2, 2-, 3 

0.46 1 
(2.2) 2, 2-, 3 

~~ 

(2 .2 )  
0.46 1 1  

2. 2-, 2- 4 2  

0.46 
(2.2) - 

Ventral f i n  1 

Ventral f i n  11 

Ventral f i n  2 



CHART 2.- Concluded 

(c )   Spin   charac te r i s t ics   for   forward   cen ter  of grav i ty  

[~ecovery  attempted by full   rudder  reversal   unless  otherwise  noted  (recovery  attempted from and  developed 
spin  data  presented  for  rudder-full-with  spins);  U, innel wing UP; D, inner w i n g  down] 

W e 1  Direction At t i tude  

Law-wing Right Erect 
node1 A 

(Ix - Iy)/mb2 = -50 x lo-‘ 

T a i l  Center-of-gravity  posit ion  Alti tude F laps  

2 0.1451 3000 m (lo 000 f t )  00 

Wodel values  converted to fu l l   s ca l e  

Elevator 
213 UP 

Ailerons 
1/3 agains t  1; 

Elevator   ful l  up 
(Stick  back) 

i 
1 E l e v a t o r   f u l l  down r (Stick  forward) 

mlsec 

Turns for   recovery 
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CHART 3.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH TAIL 3 

( a )   S p i n   c h a r a c t e r i s t i c s   f o r   a f t   c e n t e r  of g r a v i t y  

[Recovery  attempted by ful l   rudder   reversal   UnleJJ   otherwise  noted  ( recovery  a t tempted 
spin  data   presented  for   rudder-ful l -with  spins) ;  U, inner w h g  up; D ,  inner 

Right I 
I -  

Low-wing 

Flaps  Al t i tude  

3000 m (10 000 f t )  

Center-of-gravity  position 

0.255; 
I I I I 

Model va lues   conver ted   to   fu l l   sca le  

a 

26  0.75  0.50 
(84) (1.3) (116) (2.0) 

1/3 agains t  
Ailerons 

2D 

0.79 0 S O  
(98) (1.3) (116) (2.0) 

2/3 up ' 

Elevator . 

E l e v a t o r   f u l l  up 

78 2U 56 4U 
2D 

30 
(1.9) (112) (1.3) (100) 
0.54 34 0.75 

81 Ai le rons   fu l l   aga ins t  2, 21, 21 
2 ( S t i c k   l e f t )  2 2 c  

Elevator Full dom 
(Stick  forward) < 

,I 

50 2U 
3D 

(114) 
0.55 35 
(1.2) 

2,  2-,  3- 
1 1  

2 4  

(107) (1.7) 

2-,  2-, 2- 
4 2 2  
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CHART 3.-  Continued 

(b) E f f e c t   o f   v e n t r a l   f i n s  

[ R i n h t   e r e c t   s o i n s  
Low-wing model A 

Weight ,  6672 N (1500 l b )  
Loading,  (Ix - Iy)/mb2 = -50 x 

W, w i t h  
A, a g a i n s t  

C e n t e r   o f   g r a v i t y  a t  0.255~ U, inner   wing  UP 
A l t i t u d e ,  3000 m (10 000 f t )  D, inner   wing  down J 

55 
2D 
3u 

55 
2D 
3u 

55 
2D 
3u 

55 
2D 
3u 

(116) 
35 

(116) 
35 

(116) 
35 

(116) 
35 

(116) 
35 

1 

For spin 

No v e n t r a l   f i n  I 

(2.0) 
0.50 

(1.9) 
0.54 

(1.9) 
0.54 

(1.9) 
0.54 

(1.9) 
0.54 

3 1 1  
0 1-, 2-, 3- 4 2 2  

0.79 25W 

V e n t r a l   f i n  1 

V e n t r a l  f i n  1B 

1 1-, 2-, 2- 

2,  2-, 3 
2 

I 

1 
2, 2-, 3 4 

4 ,  >5,  >5 

3D  (114) (1.9) 
0.54 

16.7A 
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CHART 3.- Continued 

(b) Concluded 

;pin  block 

Spin characteristics I Control def lect ion,  deg I 
v,  n, For spin 

a', I$, m/sec rps Turns for  recoverJ 
deg deg (ft/sec)  (sec/turn) 

6r &e 6a 

Ventral f i n  1B 

" 

57 

- 

57 

- 

57 

- 

57 

~ 

51 

35 
(114) 

L (119) 

2u 

~ 

36 
(119) 

2U 36 
(1  19)  

(119) 

0.54 
(1.9)  

0.54 
(1 .9 )  

0.54 
(1 .9)  

Ventral f i n  2 

0.50 
(2.0)  /v 
/I// 
/q/ 16.7U 

16.7U 

16.7A 

16.7U 

16.7A 

Ventral f i n  3 

(2.1)  0.47 JI/'v 16.7U 

16.7A 

1 1 1  
1- 1-  1- 

4 '  2 '  2 

1 1 3  
1-, 1-,  1- 
2 2 4  

3 3 3  
1-,  1-  1- 

4 4 '  4 

3 1 

4 3 - 9  4,  65 

3 3  
1- 1- 2 
4 '   4 '  
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CHART 3.-  Concluded 

(c )   Spin   charac te r i s t ics   for   forward   cen ter  of grav i ty  

 very attempted by ful l   rudder   reversal   unless   otherwise  noted  ( recovsry  a t tenpted from  and 
spin  data   presented  for   rudder-ful l -with  spins) ;  U, inner wing up; D ,  inner wing doyn 

node1 Loading At t i tude  I Direction 

Low-wing (Ix - Iy)/!dbp i -50 x Right Erec t  
Hodel A 

Flaps  Center-of-gravity  position Al t i tude  

00 0.1'45; 3000 m (10 000 f t )  

Model va lues   conver ted   to   fu l l   sca le  

II 1/3  against  
Ailerons 

I 

I h- I 

39 0.52 
(129)  (1.9) 

1-, 1;. 2 I 
1 r 

E l e v a t o r   f u l l  up 
(Stick  back) 

1 (Stick  forward) 
Elevator full down 

43 



CHART 4.- SPIN AND RECOVERY CHARACTERISTICS OF THE HODEL WITH TAIL 4 

(a )   Spin   charac te r i s t ics  for a f t   c e n t e r  of gravi ty  

[Recovery attempted by ful l   rudder   reversal   unless   otherwise  noted  ( recovery  a t tempted from Md  developed 
spin  data   presented for rudder-ful l -with  spins) ;  U, inner w i n g  up; D, iMer w i n g  d m ]  

Uodel At t i tude  I Lo;;-i;g 1 Erect 

, 

L T a i l  F laps  

00 

Direction 

Right 

Al t i tude  

3000 (10 000 f t )  

Wodel va lues   conver ted   tu   fu l l   sca le  

a 

Ailerons 
1/3  against  

0.41 , 

Center-of-gravity  position 

0.255: 

a 

I 

F 
44 



CHART 4.- Continued 

(b) Effect of ventral fins 

Low-wing model A 

Weight, 6672 N (1500 lb) 
Right  erect spins 

Loading, (Ix - IY) /mb2 = =50 x low4 
Center of gravity  at 0.255~ 
.Altitude, 3000 m (10 000 ft) 

lpin  block 

Spin  characteristics 

v, 0, 
a', 4 ,  m/sec rps 
deg  deg (ft/sec) (sec/turn) 

77 

~ 

35 

77 

~ 

35 

77 

35 

77 

~ 

35 

1D 

~ 

5U 
0 

1D 

~ 

SU 
0 

1D 

5u 
0 

1D 

~ 

5u 
0 

25 
(82) 

R, right 

A ,  against 
U, inner  wing  up 

D, inner  wing  down 

~~ 

Control deflection, deg 

No ventral  fin 

16.7A 

( 1  .O) 

0.45 
(2.2) 

Ventral  fin 1 

16.7A 

16.7A 

16.7A 

16.7U 

16.7U / 
/ 
16.7U 

Turns for recovery 

p F  - 1-,  1-, 2 2  1 -  

N //1/ /'J 

16.7U 

16.7U 

'3 - 
U 

i l  

4 

il 

45 

I 



CHART 4.- Continued 

( b )  Concluded 

L Spin block 

I 
I 

I 

Spin 

I 
characteristics  Control deflection, deg 

Turns  for  recover 

- 

Ventral  fin 1B 

=55 
(-180) 

=55 
(-1 80 

=55 
(z180) 

=55 
(-180) 

=55 
("180) 

i 
1 

/ 16.7A 

///I 

16.7A 

16.7A 

Ventral fin 2 

16.7A 

16.7A 

16.7A 

/ 
/ 
/ 
i 

16.7U 

16.W 

16.7U 

/ 16.7U 

/ 
/ 
/ 

/ 
/ 
/ 
/ 
// 
/ 
/ 
/ 

il - 
4 
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CKART 4.- Concluded 

(c)   Spin characteristics for Forward cen te r  of grav i ty  

[Recovery attempted by ful l   rudder   reversal   unless   otherwise  noted  ( recovery  a t tempted from and  developed 
spin  data   presented  lor   Nddar-ful l -with  spina) ;  U, inner w i t q  up: D,  inner w i n g  d m ]  

Loading 

(Ix - Iy)/mbbp = -50 x 

Model Direc t ion   At t i tude  

Lou-wing 
Model A 

Right Erect 

I Flaps Al t i t ude  

00 3000 (10 000 Ft)  

Model values   converted  to   ful l  scale 
I I 

73 

30 
(100) 

113 aga ins t  
Ailerons 

Elevator  
213 UP 

(S t i ck  back) 
Elevator  Ful l  up 

h 
m L 1 I Ailerons Ful l   aga ins t  

( S t i c k   l e f t )  
Ailerons  Full  with , 

( S t i c k   r i g h t )  

I I 
I. (Stick  forward) 

Elevator   Ful l  down 

U 

47 



CHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH TAIL 5 

( a )   S p i n   c h a r a c t e r i s t i c s   f o r   a f t   c e n t e r  of g r a v i t y  

[Recovery a t t e q t e d  by full rudder reveraal Unless  otherwise  noted  (recovery  attempted fro. urd  developM 
spin  data  presented for rudder-full-with  Spins);  U, inner w i n g  up; D, inner wiw d-1 

Att i tude  Direct ion 

Low-wing Erect 
Plodel A 

Right 

F laps   Al t i tude  

00 3000 (10 000 I t )  

Plodel values   converted  to  full m a l e  

a '  I'  I 

1/3 agains t  
Ailerons 

I 
41 

4D 
5u 

(145) 
0.44 44 
(2.3) 

Elevator e l   e 3  

2/3 up "+ 5' 4' 

f l ,   f l  

2 ,  31 

h l   h l  

4 
14' h2, 2- 

j 
m 

41 
4D 
5u 

(145) 
0.44 44 
(2.3) 

Elevator e l   e 3  

2/3 up "+ 5' 4' 

f l ,   f l  

2 ,  31 

h l   h l  

4 
14' h2, 2- 

j 
m 

Loading 

(Ix - Iy)/mb2 D -50 x 

Center-of-gravity  position 

0.255; 

c 
Elevator full up 

(Stick  back) 
~~ 

:1.2) 
0.84 

Ailerons full with 
( S t i c k   r i g h t )  

E l e v a t o r   f u l l   d o m  

L l  

Turns for recovery 

48 



CHART 5.- Continued 

( b )  Effect o f   v e n t r a l   f i n s  

- 
Low-wing model A 
Right  erect s p i n s  
Weight,  6672 N (1500 l b )  W, w i t h  
Loading, (Ix - IY) /mb2 = -50 x 1  0-4 A, a g a i n s t  
C e n t e r   o f   g r a v i t y  a t  0.255;  U, inner   wing  up 

- A l t i t u d e ,  3000 m (10 000 f t )  D, inner   wing down 

1 S p i n   c h a r a c t e r i s t i c s   C o n t r o l   d e f l e c t i o n ,   d e g  
~~ 

I 

ipin  block 4 ,  a’, 
deg deg 

For   sp in  v ,  
m/sec 

(ft /sec) 
T u r n s   f o r   r e c o v e r y  

I I 

No v e n t r a l   f i n  

V 16.7A 

V 16.7A 

16.7U / 0.44 
(2.3) 

~ 

0.44 
(2.3) / 16.7U 

I!/ 16.7A / 
/ 

44 
(145) 

0.44 
(2.3) 

v ( 2 . 3 )  

V e n t r a l   f i n  1 

44 
(145) 

1  1 
1- 2, 2- 
4’  4 

2/ 16.7A 

0.42 
(2.4) 

/ 40 
(130) 

0.42 
(2.4) 2 ,  2- 3 

4 
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CHART 5.- Concluded 

( c )   Sp in   cha rac t e r i s t i c s  For Forward center  of gravi ty  

[~ecovery  attempted by full rudder  reversal   unless  otherwise  noted  (recovery  attempted From and  developed 
spin  data  presented For rudder-full-with  spins); U, iMer w i n g  up; D, iMW wing down] 

Atti tude Direction Loading 

Low-wing Right (Ix - Iy)/mb2 E -50 x 

Alt i tude  1 ;ter-oF-gravity pos i t ion  

3000 (10 000 F t )  0.145: I 
Uodel values   converted  to   Ful l   scale  

El n "  

1/3 agains t  
Ailerons 

49 
7D 
8U 

(133) 
0.48 41 
(2.1) 

e e  
1 ,  1 

f f  
Elevator 1, 1 

213 UP 

g1, 1 -  
g l  

h h  
2, 2 

J 
Ailerons  Ful l   against  

I 

r 
Eleva to r   fu l l  up 

(S t ick  back7 

T 

I "urns For recovery I 
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C M T  6 . -  SPIN AND RECOVERY CHARACTERISTICS OF ME MODEL YITH  TAIL 6 

(a) S p i n   c h a r a c t e r i s t i c s   f o r   a f t   c e n t e r  of gravi ty  

[Recovery attempted by fu l l   rudder   reversa l   UnlesJ   o therv ise   no ted   ( recovery   a t tewted  from and developed 
spin  data  presented  for  rudder-full-with  spins);  U, M e r  w i n g  up: D ,  inner w i n g  dam] 

Hodel Direct ion  Att i tude 

Low-w@lg Right (Ix - Iy)/mbz 5 -50 x lo-' Erect 
Hodel A 

Tail Alti tude  Center-of-gravity  posit ion F laps  

6 3000 (10 000 f t )  00 

Hodel va lues   conve r t ed   t o   fu l l   s ca l e  

Elevator 
213 UP 

1/3 agains t  
Ailerons 

1 Eleva to r   fu l l  UP 

P ( s t i c k  back) 

49 0 

~" 

Ai le rons   fu l l   aga ins t  
( S t i c k   l e f t )  

35 
(2.0) (116) ~ 

0.51 

~ 

1, Elevator   ful l   dom r (Stick  forward) 

Turns  for  recovery 
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CHART 6.- Continued 

(b) Effect of ventral fins 

Low-wing model A 
Right  erect spins 
Weight, 6672 N (1500 l b )  
Loading, (Ix - Iy) /mb2 = -50 x 1 0"1 
Center of gravity at 0 . 2 5 5 ~  
.Altitude, 3000 rn (10 000 ft) 

R ,  right 
L,  left 
W,  with 

A, against 
U, inner wing up 

D, inner  wing down 

1 Control deflection, deg I Spin characteristics 

1 Spin block For recovery Turns for recover 

Ll 
No ventral  fin 

! I (1 .9)  
0.52 

(1.9)  
0.52 

Ventral fin 1 

35 
(114)  R-l 0.49 

(2.0)  

~ 

0.49 
(2.0)  

(2 .0)  
0.49 

0.49 
(2.0)  

21 
21 

~ 

2u 
21: 

~ 

2u 
2D 

2 u  
2D 

1 - ,  2-,  2- 
3 1 1  
4 4 2  

16.7A 

16.7A 

16.7A 

(114)  
35 3 3  ' 4 '  1; 

? 

El 
W 

" 

m 
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CHART 6.- Cont inued  

(b)   Concluded  

‘ p i n   b l o c k  

S p i n  

a’’ $ 9  

deg deg 

53 

53 

53 

53 

54 

3u 
2D 

3u 
2D 

3u 
2D 

3u 
2D 

2u 
3D 

c h a r a c t e r i  

v ,  
m/sec 

~~ 

( f t / s e c )  ( 

s t i c s  I C o n t r o l   d e f l e c t i o n ,   d e g  I 
s e c / t u r n )  

0.50 
(2.0) 

0.50 
(2.0) 

0.50 
(2.0) 

0.50 
(2.0) 

0.48 
(2.1) 

T u r n s   f o r   r e c o v e r y  

V e n t r a l   f i n  1C 

16.7A 

16.7A 

16.7A 

V e n t r a l   f i n  2 

/‘J 16.7U 

3 3  
1- 1- 1 
4 ’  4 ’  

3 
4 ’  

1- 2’ 2 

1 
2- 3’ 3 
2’ 

53 



CHART 6. -  Concluded 

(c) Sp in   cha rac t e r i s t i c s  for Forward center  of gravi ty  

[~ecovery  attempted by Full rudder  reversal   unless  otherwise  noted  (recovery  attewted from and developed 
spin  data  presented for rudder-f i l l -with  spins) ;  U, inner W i n g  UP; D, inner w i n g  dom] 

Model At t i tude  Direction Loading 

Low-wing Erect 
Uodel A 

Right 

F laps  Center-of-gravity  position Al t i tude  

00 0.145; 3000 (10 000 f t )  

Model values  converted  to fill s c a l e  
" 

i 
2/3 up 

Elevator 

r" 
L 

1/3  against  
Ailerons 

I 

T- 
Eleva to r   fu l l  up 

Ai le rons   fu l l   wi th  
(S t i ck   r i gh t )  

~ - -  

1 Eieva to r   fu l l  dcun 
S t i c k  forwcr-d) " 

c1 
" 

H 

I 
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CHART 7.- SPIN  AND  RECOVERY  CHARACTERISTICS OF THE HODEL  YITH  TAIL 7 

( a )  Spin  characteristics for aft  center of gravity 

[Recovery  attempted  by  full  rudder  reversal  unless  otherwise  noted  (recovery  attempted  from  and  developed 
spin  data  presented for rudder-full-with  spina); U, inner wing up;  D,  inner  wing down] 

Model Loading Attitude 1 Direction 

Lou-wing  Right Erect 
Model A 

(Ix - Iy)/mb2 = -50 x 

Flaps Center-of-gravity  position Altitude 

00 0.255; 3000 m (10 000 ft) 

Model  values  converted  to  full  scale 

n 

2/3 UP 
Elevator 

113  against 
Ailerons 

53 2u 
30 

:ll9) (2.2) 
36 0.46 

! 1  e l  
3;. 3;' e4 

k k k  
2. 2 .  2 

f 3  
24' f3 .  f 3  

g 3 ,  83. 3; 
8 1  

h l  
>3- h>4 
2' 

Elevator 
(Stick 

1 I 

full up 
back ) 

Elevator  full  do- 
(Stick  forward) < 

Turns fo r  recovery 
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CHART 7.- Continued 

(b)  Effect of ventral  fins 

Low-wing  model A 

Weight, 6672 N (1500 lb) 
Right  erect  spins 

Loading, (Ix - Iy)/rnb2 L -50 x 
Center of gravity  at 0.255~ 
-Altitude, 3000 m (10 000 ft) 

I Spin  characteristics 

rn/sec 

I I 1" I 

0.46 
(2.2) 

0.46 
(2.2) 

0.46 
(2.2) 

0.46 
(2.2) 

0.44 
(2.3) 

R, right 
L, left 
W, with 

A, against 

D, inner  wing  down 
U, inner  wing up 1 

' Control  deflection,  deg 

For -Turns spin  for  recover 

I 

No ventral  fin 

Ventral  fin 1 

16.7A 

16.7A 

i 16.7A 

/ 
/ 
/ 
/ 

16.7U 

16.7U 
/ 
/ 
/ 
/ " 

3-,  3-, 4 
1 1  
4 2  

3 $, 3 ,  3 

1 
2 3 ,  3, 3- 

>3-,  >4 
1 

2 

1 1 1  
2 ;, 12, 1- 

1 1 3  
4 2 4  

1-,  1-, 1-, 2 

'3 i 1 - 11, 1- 
4' 4 
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CHART 7.- Continued 

(b) Concluded 

ipin  block 

a 

E3 
E l  
W 

a 
. .  

a 

a 

Spin 

L ' ,  $ 9  

leg deg 

c h a r a c t e r i s t i c s  Control   def lect ion,   deg  I 
For s p i n  

m/sec Turns for  recovery 

'e 'a 

V e n t r a l   f i n  1A 

I 

0.46 
(2.2) 

0.46 
(2.2) 

- 

0.46 
(2.2) 

- 

0.46 
(2.2) 

16.7A 

16.7A 

16.7A 

- " 

Ventral f i n  2 

16.7U 

16.7A 
~~ / 

3 3  
1 ,  1- 1- 4' 4 
I 
1 1 1  

1- 1-, 1- 
4' 2  2 

I 

1 1 3  
1- >2- 2- 
2'  2' 4 I 

I 

I 

57 



CHART 7,- Concluded 

(c)  Spin  eharacteristics  for  forward  center of gravity 

[Recovery  attempted  by  full  rudder  reversal  Unless  otherwise  noted  (recovery  attempted  from  and  developed 
spin  data  presented for rudder-full-with s p i n s ) ;  U, inner wing  up;  D. inner wing d o n  3 

Hodel  Attitude  Direction 

nodel A 
Low-wing Erect  Right 

Flap3 Altitude 

00 3000 m ( l o  OW ft) 

nodel  values  converted  to  full  scale 

Loading 

( 1 ~  - Iy)/mb* = -50 x 

Center-of-gravity  position 

0.1455 

I 

Elevator  full  up 

I Ailerons  full  with 
(Stick  right) 

~- 

Elevator  Full  down 
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CHART 8.- SPIN AND RECOVERY  CHARACTERISTICS  OF THE MODEL WITH TAIL 8 

( a )   Sp in   cha rac t e r i s t i c s  for a f t   c e n t e r   o f   g r a v i t y  

[Recovery attempted by lull rudder  reversal   unless  otherwise  noted  (recovery  attclpted from and  developed 
spin  data  presentad for rudder-fill-with s p i n s ) ;  U, inner w i n g  up; D ,  inner w i n g  d m  1 

Hodel I Att i tude  I Direction 

& ""_ 

Low-wing 
Hodel A 

Tai l  

Erect 

F laps  

Right 

Al t i tude  Center-of-gravity  position 

0.255; 8 I Oo I 3000 I (10 000 f t )  

Model values   converted  to  full scale 

113  against  
Ailerons 

Eleva tor   fu l l  up 
(st ick  back) 

f l ,  L ,  1- 

39 5 D  

A i l e rons   fu l l   aga ins t  
(S t ick  l~e- 

Ai le rons   fu l l   wi th  
( S t i c k   r i g h t )  ' 0.53 43 

(1.9) (140) 

3 5, 1. 1 

Eleva to r   fu l l  down 
(Stick  forward) < 

H 
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CHART 8.- Continued 

(b) Effect of ventral fins 

Low-wing  model A R, right 

Weight, 6672 N (1500  lb) 
Right  erect spins L, left 

W, with 
Loading, (Ix - Iy)/mb2 = -50 x A, against 
Center of  gravity at 0.255~ U, inner wing up 
-Altitude, 3000 rn (10 000 ft) D, inner wing down 

-Spin characteristics Control  deflection, deg 
. -  

. . .- 

No ventral fin 

2u 
1D 

2u 
1D 

" 

2u 
1D 

2u 
1D 

2u 
7D 

4D 
- 

2u 
7D 

4D 
- 

" 

2u 
7D 

4D 
" 

~~ 

2u 
7D 

4D 
- 

0.46 
(2.2) 

0.46 
(2.2) 

0.46 
(2.2) 

0.46 
(2.2) 

0.42 
(2.4) 

0.37 
(2.7) 

0.42 
(2.4) 

0.37 
(2.7) 

0.42 
(2.4) 

0.37 
(2.7) 

0.42 
(2.4) 

0.37 
(2.7) 

- 

3 ;, 1 ,  1 

. . " " 

1 1  
1 ,  1- 1- 

4' 4 

1 1  
1 ,   1 -  1- 

4' 2 

>3, >u 

~" " " 

1 3  
2' 4 
3 
4 

1 
1 ,  1- 

4 

- 

. . 

'3- 
1 
2 
1 

> Z -  
2 . ~" - 

1 :overy 
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CHART 8.- Continued 

( b )  Concluded 

‘p in  block 4 ,  CY’, 
deg  deg 

41 

41 

41 

41 

37 

37 

37 

35 

c h a r a c t e r i s t i c s   C o n t r o l   d e f l e c t i o n ,   d e g  

v ,  a ,  For s p i n  
m/sec r P s  

( f t / s e c )  ( s e c / t u r n )  

V e n t r a l   f i n  1 

16.7A 

/ 16.7A 

/ 
/// 16.7A 

16.7A 

16.7A 

16.7P 

/ l6.7U 

/ 
/ 
/// 
/// 
/ 
/ 
/ 

16.7U 

16.7U 

1 1  
1-, 1- 
4 4  

1 1  
1-  1-, >2 
4’ 2 

>2, >2 

1 1  

4’ 4 
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CHART 8.- Concluded 

( c )  Spin  character is t ics   for   forward  center   of   gravi ty  

[ ~ e ~ ~ ~ ~ r y  attempted by mll  rudder  reversal   unless  otherwise  noted  (recovery  attewted from and developed 
spin data presented for rudder-mull-with  spins); U, inner w i n g  up; D, iMer w i n g  down1 

[l 1 Att i tude  I Direction I Low-wing I Erect I Right 
Model A 1 F;;; 1 Alt i tude  

3000 (10 000 f t )  . 
Hodel values   converted  to   ful l   Scale  

I 
Elevator 
213 UP 

1/3  against  
Ailerons 

2'  4 
I- 

L 

Loading 

(Ix - Iy)/mbz = -50 x lo-' 

Center-of-gravity  position 

0.1455 

I 

r t- 

I 

l e v a t o r   f u l l  UP 
(Stick  back) 

1 

Ailerons 
113  with 

f l ,  1;. 1. 
f l  

L 

- Elevator 
2/3 UP 

Ai le rons   fu l l   wi th  
( S t i c k   r i g h t )  

T I 
(Stick  forward 

L I 
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CHART 9.-  SPIN AND RECOVERY  CHARACTERISTICS  OF THE MODEL  WITH TAIL 9 

( a )   Sp in   cha rac t e r i s t i c s  for a f t  c e n t e r   o f   g r a v i t y  

[Recovery attempted by full   rudder  reversal   unless  otherwise  noted  (recovery  attempted from and  developed 
spin  data   presented  for   rudder-ful l -with  spins) ;  U, iMer wing UP; D, h e r  Wing do,] 

Model Direct ion At t i t ude  

Lou-wing 
node1 A 

Erect  Right 

Ta i l  A l t i t ude  F laps  

9 3000 m (10 000 f t )  00 

Model values  converted  to  full  scale 

a 

Center-of-gravity  posit ion 

0.255; 1 
a 

I 
36 

45 
(149) 

0 
5u 

(2.4 
0.4 

45 

(2.3)  

Ailerons 
113 with 

I 
113 aga ins t  
Ailerons 

11  

29 1D 
0 

56 
(2 .2)  185) 
0.45 

~~ 

e 

f 3  f l  
E ‘  1- 

81 

” 

h>Z, h>3 

(139) 
42 

t I  4;) 

Elevator  
2/3 UP 
- 

I ” 

Elevator  
2 / T G ”  EleVatoP f u l l  up 

(S t i ck  back) I 
f l l ,  i 

2 2  
4 

I 

Ailerons fu l l   w i th  
(S t i ck   r i gh t )  I 

6 3  



CHART 9 . -  Continued 

(b )  Effect of v e n t r a l   f i n s  

Low-wing model A R, r i g h t '  
Right erect sp ins  L ,  l e f t  
Weight,  6672 N (1500  Ib) W, with  
Loading, (Ix - Iy) /mb2 = -50 x 1 0'4 A, a g a i n s t  
Center of g r a v i t y   a t   0 . 2 5 5 z  U, inner  wing up 
Al t i tude ,  3000 m (10 000 f t )  D, inner  wing down 

~~~~ ~. .~ - .. -." L Spin   charac ter i s t i c s   Contro l   de f l ec t ion ,   deg  
. 

v ,  For spin  
Spin  block m/SeC 4 ,  a ' ,  

deg ( sec / turn)  ( f t /sec)  deg 

" " " 

No v e n t r a l   f i n  

16.7U 

1 

16.7A 

Ventral f i n  1 
" 

16.7U 

16.7A 
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CHART 9.- Concluded 

( c )  Spin   cha rac t e r i s t i c s  For Forward cen te r  OF g rav i ty  

[Recovery attempted by full  rudder  reversal  unless  otherwise  noted  (recovery  attempted From and  developed 
sp in   da ta   p resented  For  rudder-full-with  spins); U. iMer w i n g  up; D, inner w i n g  down] 

Model Direct ion At t i t ude  

Low-wing 
Model A 

Erect  Right 

Ta i l  A l t i t ude  Flaps 

9 3000 m (10 000 Ft)  00 

Model va lues   conver ted   to   fu l l  scale 

Elevator  
?/3 up 

113 aga ins t  
Ailerons 

(Ix - Iy)/mb2 = -50 X 

Center-of-gravity  position 

0.1452 

26 
8D 
0 

Ailerons 
1/3 with 

55 
(2.0) (180) 
0 .50  

1 8D 31 
A ' I -  2D El 
2 

(=180) 

e , i l  

~0.55 =55 
(51 .8)  

Elevator  
2 e- 213 UP 

f.il 

2 
- 

g , i  1 
Elevator  full  up 

< (Stick  back) 
1- 
2 

h , i l ,   h , i l  

1 Elevator   Ful l  down 
(s t ick   forward)  t 

L I z l  Turns for reoovery 
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Satisfactory 

Recovery  by  rudder  alone  satisfactory or 
"" Recovery  by  rudder and elevator  unsatisfactory 

800 

700 

600 

500 

400 

300 

200 

100 

0 
- I20 - 100 - 80 0 20 60 80 100 

Ix - IY 
Inertia  yawing-moment  parameter, 

mb 2 

Figure 1 . -  Boundaries f o r  e x i s t i n g  t a i l  d e s i g n   c r i t e r i o n   f o r   a i r p l a n e s   h a v i n g  
r e l a t i v e   d e n s i t y   f a c t o r s   o f  6 and 10 ( r e f .  18). 



? L  
11.07 

( 4 . 3 6 )  
I 

\ / t 
15.01 

(5.91) 

I c 

i- " 

( 2 6 . 6 8 )  
61.11 - 4 

Fuselage 
reference line 

" 53.04 
( 2 0 . 8 8 )  

Figure 2.- Three-view  drawing of l/ll-scale model  tested  with  tail 3 
illustrated. Center-of-gravity position at 0.255c. Dimensions 
are given  in  centimeters  (inches),  model scale. 
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Fuselage 
reference line 

__ 

L8i0.7) 

(a) Tail 1. (b) Tail 2. 

(c) Tail 3. (dl Tail 4. 

Figure 4.- Tail  configurations  tested on  model. Dimensions  are  given 
in  centimeters (inches), model scale. 



line - 

- Fuselage 
reference line 

1.3t0.51 

I 

(h) Tail 8 .  

I 7 
Tail 6 .  (g) Tail 7. 

/"- L3(0.5) 

(i> Tai l  9 .  

F igu re  4.- Concluded. 



( a >  Pa r t i a l - span   rudde r .  

(b) Full-span  rudder .  

F igure  5.- T y p i c a l   l o c a t i o n s   o f   v e n t r a l   f i n s  on t a i l  c o n f i g u r a t i o n s  
hav ing   pa r t i a l -   and   fu l l - span   rudde r s .  
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Ventra l   f in   1A 
8.9(3.5) 

Ventral fin 1B - 5.8(2.3) "- 

1.0 (0.4) 

-t 

r Ventral   f in  1C 
5.3(2.1) - 

l_._l__ - "_ 
I 

2.0 (0.8) 

Ventra l   f in  1 

Ventral  f in  2 1 5.1 (2.0 1 "- 5.8 

. .. 

4 
Ventral  f in  3 

1.3 (0.5) 

7 

Figure 6.- Ventral  fins tested  on  model. Dimensions are given in 
centimeters (inches), model scale. 



Figure 7.- Model being tested i n  Langley  spin  tunnel.  



1200 

1000 

800 

600 

400 

200 

I 

\. '0 

>' 

C""" 

0' 

1 - 1  

i 6  ; 
J . 

L 

Satisfactory 
. / / / / / / / / / /D l  Boundary  for  recovery 
Satisfactory  or  by  rudder  alone 
unsatisfactory 

~. - 

I 
Satisfactory 
/7/1Ti//ii//7 Boundary  for  recovery by 
Satisfactory  or  simultaneous  reversal of 
unsatisfactory  rudder  and  elevator 
I 

0 I" - .L~ - .. "_ 1 - ... - ..I- ." .. . 

-120 -80 -40 0 40 80x 10-4 

Inertia  yawing-moment  parameter, ( I - I I /  mb 
2 

X Y  

74 

b 

Figure  8.- Loca t ions   o f  t a i l  conf igu ra t ions   on  t a i l  d e s i g n   c r i t e r i o n  chart 
for sp in   recovery .  



L. 

Modification 

Rounded 
fuselage 
bottom 

Rounded 
fuselage 
corners 

Fins  on 
fuselage 
bottom 

Fins  on 
fuselage 
bottom 

Fins  on 
fuselage 
bottom 

Fins  on 
fuselage 
bottom 

. 

Modification  Location 

13 

Modification  Effects 
on  Spin  Characteristics 

Modification  very  effective 

Model  enters steep spin  quickly 

Modification  ineffective 

Model  continues  to  spin  f lat 

Modification  ineffective 

Model  continues  to  spin  f lat 

Modification  very  effective 

Model  enters  steep  spin  quickly 

Modification  effective 

Model  enters steep spin slowly 

Modification  ineffective 

Model  continues  to  spin  f lat 

Figure  9.- R e s u l t s   o f   f u s e l a g e   m o d i f i c a t i o n s   t o   p r e v e n t   f l a t - s p i n   c o n d i t i o n s .  
Dimensions are i n   c e n t i m e t e r s   ( i n c h e s ) ,  model scale. Model launched f l a t  
i n  r i gh t  s p i n  for  a l l  tests. Cen te r   o f   g rav i ty  a t  0.255c. 
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Figure 12.- Effect of trailing-edge  wing  fillet  on  spin  for  tail 3. 
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